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INTRODUCTION 

One of the most fascinating chapters in the study of plant-parasitie 
nemas is that dealing with their ability to find and select the proper host 
plant. The whole complex of known facts and still open questions center- 
ing about this mutual relationship of plants and nemas is perhaps best 
designated as the problem of host selection. Although not so recognized, 
this problem has played an exceedingly important role both during the past 
and present in the many attempts towards an applicable control of nemie 
plant-pests. ‘To prove this we need only to reeall the catch- or trap-plant 
method of Kiihn (28), the recently outlined ‘‘Reizpflanzen methode’’ of 
Baunacke (3), the crop-rotation methods, the method of activation of the 
evsts of the sugar beet nema by Rensch (45), ete. These are all based or 
built up on the known facts of the stimulative influence of the host plant 
upon the parasite. During the last twenty or thirty years much work has 
been expended on the study of the so-called susceptibility and resistance 
of certain plants, or plant varieties, to nemic pests with a view of the pos- 
sible breeding of immune or resistant crops. All the endeavor along these 
lines did not lead to any notable result, because of the complete ignoring 
of the host-selection problem, which here is of fundamental importance. 
Most of the investigators noted the peculiar behavior of the pest-producing 
nemas in selecting their plant hosts, but unfortunately did not recognize 


he primary importance of these facts. 


1 The writer is indebted to Dr. Hall, of the Bureau of Animal Industry, for some 
ature; to Dr. Godfrey, Mr. Leukel, and Mr. Thorne, of the Bureau of Plant Industry, 

r some nema material, and to Dr. Arzberger, also of this Bureau, for the unpublished 
results of his investigations on the morphology of the roots of so-called nema-resistant 


wpea varieties. Dr. Cobb kindly revised the manuscript and made some helpful 
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sesides these more practical questions, our host selection problem jp. 
volves a series of important and interesting theoretical aspects: questions 
of physiology, morphology, genetics, soil chemistry, soil physies, ete., ete. 
are connected with it. 

It is the aim of the present paper to outline the problem, to analyze its 
present state, to describe the whole host-selection mechanism combined with 
existing host specialization as seen in the light of our present knowledge. 
and to show its importance and application. The writer is convinced that 
his conception not only explains many facts brought up by the earlier and 
present investigators as inexplicable and contradictory, but also makes it 
possible to work out more effective methods for the control of nemie pests, 
as, for example, scientifie crop-rotation methods. Furthermore it will give 
the breeders and searchers for resistant or immune varieties a sound basis 
for their experiments and will open many lines of further attack of the 
whole problem of nemic plant-pests. 


GENERAL PART 
The Behavior of Plant-Infesting Nemas in Selecting Their Hosts 


Soil is the life medium of the nemas to be considered here, a medium 
which, compared with water and air, isolates its inhabitants to a high de. 
gree. Soil is not transparent and it opposes the greatest obstacles to any 
movement, and seems, therefore, to separate and isolate the members of its 
life association in a most pronounced way. Yet the soil nemas are perfectly 
able to orient themselves in this medium, and loeate their food and also 
their mating partners, even at considerable distances. 

Our chief species of plant-infesting nemas attack a large number of 
different plant species, which are called their hosts. But there are hosts of 
different degrees. By this it is not to be understood that some species are, 
in general, more preferred than others. Different populations of the same 
nema species may behave quite differently toward one host plant, that is, 
one population will attack it heavily, and another not at all. The different 
populations of a nema species may each have a different preferred host 
plant. If a number of different host plants are growing on a given soil 
area, the nemas in the soil will always find out and attack the one they like 
best, leaving the others unharmed, even though they too are favored host 
plants of that species of nemas. How they are capable of doing this is 4 
problem of much interest and importance, and will be explained later, 
according to our present knowledge. 

A number of examples gathered from literature best give an idea of the 
strange and peculiar behavior the nemas very often show in selecting their 
host plants. Heretofore no explanation was given for this behavior, 
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although it greatly puzzled many investigators and was a source of much 
eontroversy and many mistakes. 

A very significant case has been described by Liebscher (30) from the 
Agricultural Experiment Station at Géttingen, Germany. I tried to con- 
dense this case in the schematic figure 1. <A plot of ground of the experi- 
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Fic. 1. Schematic representation of the experiments of Liebscher with two popula- 
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tions of Heterodera schachtii, the one highly spe elalized on peas, the other on oats. 
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ment station was, with one exception, continually planted with peas fo, 
about thirteen years; finally it became so badly infested with J/eteroderg 
schachtvi that the harvest amounted to only 4% of the seed material. Nep- 
arated from this plot of peas by a path of one meter was a plot on which. 
for seventeen years, oats had been planted. This plot was also highly in. 
fested with /7. schachtii and declared to be ‘‘oatsick.’’  Liebscher then 
planted on both plots (separated only by the aforementioned path of one 
meter in width) a number of crop-plants in order to find out how the nemas 
would behave toward them. The schematic figure gives the results. Thy 
H. schachtv’ populations on these two plots behaved, as can be seen, very 
differently toward the same series of host plants. Plants attacked by thy 
population which had lived for years on peas were not attacked at all by 
that which had lived continually on oats, and vice versa. It can easily by 


understood that Liebscher, through these experimental results, came to tl 


16 
econelusion that the pea-nemas were a new form (//eferodera goettingiana), 
because they did not attack the usual host of //. schachtii, the sugar beet, 
He was apparently wrong in this conelusion, but nobody ean blame him 
in the face of his striking results. 

Today we see the situation in Liebscher’s case as follows: The Heterodera 
populations on both plots were probably first identical, starting from th 
same infestation. Then the population on the pea plot lived for years, 
that is, for a long series of generations, exclusively on peas, and became 
highly specialized on this host. The population of the other plot, however, 
for at least seventeen vears, 1.e., for about seventy generations, lived on 
oats and had become highly specialized on this plant. 

The relations of 7. schachtti to oats have also been discussed by Fuchs 
(19, pp. 946-947) who calls attention to the fact that sometimes oats ar 
attacked as heavily as sugar beets, while in other cases they are only 
slightly affected. Fuchs mentions the possibility of the segregation ot 
races but doubts whether this would explain all the observed facets. In 
eeneral he found that the //. schachtwd specimens which he used would 
attack sugar beets, white mustard, and oats, with equal facility. But o 
one occasion he was unable to get oats infested, whereas sugar beets and 
white mustard, sowed three weeks later between these same oats, were 
heavily attacked. Why this varying behavior? Apparently the last popu- 
lation of I. schachtii Fuchs worked with was, in a very pronounced way, 
specialized on sugar beets and their nearest related plant species, 

Some investigators elass the members of the Solanaceae as being non- 
susceptible to H. schachtii (Hollrung (25) and Kiihn (28) used potatoes 
as crop following cateh-plant sowings), while later, various authors found 
that potatoes were heavily attacked and that some weeds from the Solana- 


ceae family were the most important propagators (3, 65). These contra- 
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dictory statements can easily be understood. The H. schachtii populations 
with which these different investigators worked were specialized along dif- 
ferent host lines. For the same nema species, the chicory was hitherto 
regarded as one of the most pronounced non-susceptible plants, and yet 
Baunacke (3, p. 211) quotes G. Pliimecke who found this very plant also 
attacked by H. schachtui. It seems quite as if a much larger number of 
plants than hitherto thought could be hosts of this nema if the latter has 
sufficient time to adapt itself to it. 

In quite recent years a similar case of a population of 7. schachtii, spe- 
cialized to such a degree on peas that sugar beets were hardly affected by 
them, was recorded by M. Capus (10) from the Gironde in Franee. In 
connection with the statement, that, in the experiments of Kiihn, the //. 
schachtii from sugar beets did not attack peas, Hollrung (24) mentions 
similar experiences, 

Voigt (59, 60) recorded a H. schachti population which had specialized 
on hops. 

Barley Was ordinarily considered to be non susceptible to HH. se hachtii, 
and vet Mirker (see Baunacke 3, p. 277) mentions the following case. On 
a field badly infested with this nema, barley was grown for three successive 
years. The first two vears no noticeable injury occurred, but in the third 
year the crop was destroyed before harvest. This shows that an apparently 
specialized population may adapt itself in a rather short time to a new 
host plant and again become injurious. 

A large number of similar observations could be added. 

Very often the nemas of one and the same species, but from different 
plots or different localities (sometimes close by) or different countries, 
attack different crop-plants here and there, so that the same erop will be 
damaged in one place but left unharmed in another. Potatoes, for ex- 
ample, will be harmed in one field but not in another, even though the 
harmful nema is present in both places. As in Liebscher’s ease, the /. 
schachtii populations, in fields and plots which touch each other, will often 
behave very differently ; in one plot they will attack certain weeds heavily, 
but will leave them unharmed in the neighboring field. Mr. Gerald Thorne 
mentioned such cases to me from the sugar-beet fields near Salt Lake City, 
Utah, where in one field Chenopodium album would be heavily infested but 
would be free from attack in the next field. In all these cases the crop- 
history of a field will probably give the key to an explanation. 

It is of practical interest to mention here certain experiences with the 
trap- or catch-plant method of Kiihn. The latter used as eatech-plant Bras- 
sica compestris var. annua (‘‘Sommerriibsen’’) for the sugar-beet nema; 


Fuchs (19), white mustard (Ninapis alba) : vet Baunacke (3, p. 239) showed 
; ] 


by experiment in Saxony and in Brandenburg that these same plants were 
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never attacked by some populations of the sugar-beet nemas. In these two 
cases it could be proved that the nemas were highly specialized on sugar 
beets, for both populations apparently had lived exclusively on this crop 
for a great number of generations. 

The foregoing examples show how differently various populations of q 
nema species will behave toward various plant species, all known to be its 


hosts. Some populations are rather polvphagous, others are monophagons 
phagous, 
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Fic. 2. Schematic representation of a field experiment of Baunacke to show the 


ability of Ieterodera schachtii to locate its host plant. The population was apparently 
highly specialized on the sugar beet and, because it was left to choose, attacked only a 
few of the summer rape plants, although this is a good host plant and even used as & 
eatch- or trap-plant. The nemas moved against the water flow. (The figure is made fol 


lowing the descriptions and two figures of Baunacke.) 
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The following example, one of Baunacke’s experiments, will show a very 
astonishing faculty of the nemas, that is, their ability to locate, even at con- 
siderable distances, the preferred food-plant. 

A plot 7x11m. (see fig. 2) hitherto absolutely free from H. schachtii was 
inoculated with a population of this species of nema, which for many gen- 
erations had lived on sugar beets. The inoculation was made in November. 
1919, in the following way. At the place marked on the schematie figure, 
three trenches fifty centimeters distant from each other, and thirty centi- 
meters deep, were dug, and the bottom, about hand-high, was covered with 
soil containing H. schachtui and then filled again. To prevent emigration of 
the nemas, the plot was isolated by a trench of sufficient depth. In the 
next spring the 1.8m.-long northern part of the plot, including the inoecu- 
lation trenches two and three, were planted with Brassica campestris var. 
annua (“‘Sommerriibsen’’) ; the rest of the plot, including the inoculation 
trench one, with sugar beets. The plot inclined toward the north side, 
which is of importance in regard to the carrying faculty of the soil water 
which flowed in the direction indicated by the arrow. 

As early as June 15th, the sugar beets in the inoculated trench one and 
in the immediate neighborhood were already infested, whereas the Brassica 
campestris var. annua plants in the inoculated trenches two and three were 
absolutely free. On September 28th, the nemas had already reached the 
southern end of the plot, whereas a careful examination of the Brassica 
campestris var. annua at the inoculation trenches showed only a few plants 
with a few females of I. schachtii; and, at a distance of one meter from 
the inoculation place, no infested Brassica could be found. Yet, as already 
remarked, the soil water moved toward the latter. This experiment, under 
free-land conditions, shows very well the ability of the nemas to locate their 
preferred host plants, even at considerable distances in the soil, and to 
move toward them in an active way, even against the water-flow. 

A case which shows that the same ability to distinguish different plants 
exists in Heterodera radicicola® is given by Tischler (56, Figs. 3 and 4). 
This author found Circaea lutetiana and C. intermedia growing so closely 
together that, at the margin, the roots of both species intermingled. And 
yet he found C. intermedia absolutely free from H. radicicola, whereas the 
roots of C. lutetiana interminged with the former were infested. If, how- 
ever, C. intermedia were planted in jars with soil from C. lutetiana con- 
taining the nemas, they would attack it, not having their preferred host at 
their disposal. This is a splendid example to show that the ‘‘botanical in- 
stinet’’ of our nemas enables them to distinguish even closely related plant 


species, 


2 This form was recently placed in a separate new genus, Caconema (see 13: 118- 
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Atkinson (1) found Amaranthus spinosus at Auburn, Ala., not attacked 
by H. radicicola even in the neighborhood of badly diseased plants, whereas 
this same species is reported by Neal (37) as the ‘‘most dreaded and de- 
structive agent in the spread of root-knot’’ in Florida. 

But these faculties are possessed not only by the members of the genus 
Heterodera; they are apparently developed also in a similar way in many 
known plant-parasitie forms. Literature is especially rich in examples 
concerning Tylenchus dipsact, which form, if taken as a whole, is very poly- 
phagous, but which seems easily to develop populations more or less special- 
is don groups of plant species or even on single species. The bulb growers 
of Holland distinguish different strains specialized on certain plants, and 
Sloeteren showed that these strains behaved in a way similar to that de- 
seribed above tor HH. schachtti and HH. radicicola. As shown by figure 5, 
schematic sketches of Slogteren’s (49) experiments, a T'ylenchus dipsaci 
population which has lived on Hyacinths or on Narcissus, ete., will always 
attack this host first and leave the other plants unharmed. What aston- 
ishes us most here is the accuracy with which the nemas locate their pre- 
ferred host plant. 

These few cases are sufficient to show what we want; they could easily 
iY multiplied. 
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IG. 5. Schematie representation of the behavior of two different populations of 
Tylene psaci, as described by Slogteren. The one population lived on Hyacinths, 


the other on Nareissus. Therefore, if left to choose, the first population will ignore the 


second the Hvac nth, for each will attack only the host of its ancestors. 
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The situation may best be characterized as follows: Although the dif. 
ferent species of plant-parasitie nemas attack and feed on a wide range of 
host plants, a given population of one of these species will, if possible, always 
first attack the kind of host plant that its parents and ancestors lived on, If 
this plant is not available, in not being present or in being already highly 
parasitized, host plants of any kind of near relationship, taxonomieal, chemi. 
cal, ete., will be sought and attacked. If the ancestors of a population of 
one of the mentioned nema species lived during many generations on a 
number of different host plants, all these host plants and their related forms 
will be quite easily attacked. The population will then usually be found to 
be of somewhat polyphagous instinct. But, if the ancestors of a population 
have lived for a number of generations on a single species or even variety of 
host plant, their descendants may not attack any other plant known to be 
a host; or, if they do so, it will be only with difficulty, and then only in a 
small number. It might require generations before a new host is again 
attacked in the same degree as the old one. But a good part of the popula- 
tion apparently unable to accommodate itself to the new conditions starves 
to death, and in an extreme case only a few specimens, or even none, seem 
to have the ability to accustom themselves to the new host plant. Such 
nema populations are monophagous, and because of their specialization on 
one certain host plant were named ‘‘strains”’ or ‘‘ biological or physiological 
races’? in analogy to the well-known biological or physiological races or 
strains in some fungi, insects, ete. Most of the investigators accepted this 
conception and thought that they had in these nema populations forms 
with certain strongly inheritable characters. These ‘‘strains’’ played a 
prominent role in the experiments of all the investigators who aimed to 
breed so-called nema-resistant plant varieties. But unfortunately their true 
nature did not seem to be recognized. Nobody has been able, at least up 
to the present time, clearly to show morphological reasons for the estab- 
lishment of definite strains, races, or varieties. Moreover, the experiments 
to reveal sharply eut physiological differences were very contradictory. 
One investigator could infest numerous plants with a ‘‘strain’’ from a eer- 
tain plant, and a second investigator with a ‘‘strain’’ from the same plant 
but from other localities had no results. There are also many contradic- 
tions in regard to the host plants: one author states that a plant species is 
infested with a certain nema species, another one finds that it is not. But, 
in general, this strain, or biological race, theory was accepted. Only quit 
recently Baunacke denied the presence of any such races. This shows 
clearly that the former conception was not a satisfactory one and did not 
explain the multitude of facts. 

In some papers on plant-infesting nemas, lists of highly susceptible 
erops and plants are often given with lists of others which are only slightly 
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affected. From the foregoing study it results that such lists may have little 
absolute value. Apparently any plant said to be only slightly affeeted by a 
nema pest may become highly affected if the nema has time to adapt itself 
and to specialize on this particular host. 

Since the behavior of a given nema population toward a host plant is 
largely dependent upon the nature of hosts on which the ancestors of the 
nemas lived, many mistakes were made in experiments during the past, 
especially in those on host resistanee, host immunity, and in the so-ealled 
susceptibility tests. That something was wrong in the fundamental concep- 
tions of all these experiments could easily be seen from the contradictory 
results obtained. Observations of one investigator were very often denied 
by another, as shown below. From the previous section, it can be concluded 
that any resistance, immunity, and susceptibility experiments with a given 
nema population may easily be incomplete, misleading, and unscientific, 
unless the host history of this nema population is known. A few examples 
from literature will show this. 

Ramsbottom (43, p. 54) wanted to test the statement of Ritzema Bos 
(47, p. 308) that the Narcissus ‘‘strain’’ would not affect onions, but he 
failed, for the specimens that he took from Narcissus happened to infest 


onions badly. Why was this so? 


Ramsbottom unfortunately does not tell 
us how long his Narcissus ‘‘strain’’ had lived on Nareissus and whether a 
few generations ago it had been in contact with onions. The knowledge 
of the hosts for at least a number of immediate ancestral generations, how- 
ever, seems to me exceedingly desirable, if not indispensable. 

He sueceeded also in infesting Scilla nutans with the same Narcissus 
“strain,” which perhaps is an additional point to sustain our conception 
that he did not work with a highly specialized Narcissus ‘‘strain.’’ Rams- 
bottom adds to these rather critical statements of the biological-strain 
theory, however, that on a visit to Spalding he made some contradictory 
observations. In two instances onions, lucerne, and clover (all susceptible 
crops) were found growing in close proximity to diseased Narcissus bulbs, 
but no damage appeared to have been inflicted to the former crop. 

We are quite convineed that if Ramsbottom had exposed simultaneously 
to his Narcissus population Narcissus, onions, and Scilla nutans, he would 
lave obtained only infested Narcissus. In the ease of his field observations 
the Narcissus ‘‘strain’* could choose, and therefore attacked, only Narcissus, 
and left the onions, lucerne, and clover unharmed. 

Perhaps his experiments do not disprove the theory of ‘‘biological 
strains,’ but possibly if he had had a Narcissus strain which for long gen- 
erations had lived exclusively on Narcissus, he would have obtained only a 
low degree of infestation in the onions and Scilla nutans that he chose, or 
even one not at all perceptible. 
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It is one thing to put an animal in a position to choose its food, but it js 
quite a different thing to force it to take a given food in order to eseape 
starvation. 

Very significant also are some experiments carried out and deseribed by 
Goodey (22). This author wanted to test the susceptibility of certain crops 
and legumes for Tylenchus dipsaci. He’ took the nemas trom an infected 
red clover field and gives the folowing table as expressing the ‘‘ intensity of 
susceptibility’’ of the different plants: 





Red clover (Canadian) 316 
(Freneh ) 215 
(English ) 190 : 
Cow grass (Swedish ) 167 ons 
Kidney vetch 163.75 
Red clover (Wild English ) 160 
Cow grass (English 38.25 
Alsike clover (Canadian ) ou | Group 2 
(English 28.5 | 
Sainfoin 7 
White clover (Wild Cotswold 5.0 | 
é pe Group 5 
sid (English ) 1.79 
(Wild Kentish 2 | 
White clover (Sutton’s Mammoth 
Lucerne | Group 4 
Trefoil | 


Therefore Goodey concludes that the susceptibility of group 1 is very 
high, that of group 2 much less, that of group 3 only slight; and group 4 
appears to be non-susceptible. But let us quote the final statement of Goodey 
himself: ‘‘The results have a practical bearing of considerable importance 
to the farmer whose land is infested with 7Tylenchus dipsaci, and whose red 
clover is therefore liable to attack from this parasite. If he wishes to avoid 
stem disease, he should not sow red clover, cow grass, or alsike clover, but 
should make use of trefoil, lucerne, sainfoin, or a large white clover, such 
as Sutton’s Mammoth White.’ 

Yet lucerne (alfalfa) sometimes is one of the crops most badly affected 
by 7. dipsact. How ean this be true considering Goodey’s results? — The 
nemas used for his experiment were taken from a red-clover field and ap- 
parently he had a population of 7’. dipsact rather highly specialized on red 
clover, which very well explains the results of his susceptibility tests in the 
light of our conception. His conclusions would be all right if he would 
make the reservation that they are for such a specialized population of T. 











| 
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dipsact, but Goodey is certainly too hasty in generalizing such econeciusions 
for 7’. dipsact as a Whole. We are convinced that this red-clover population 
of the present nema would soon have adapted itself to lucerne and other 
host plants. To recommend in this ease host plants not susceptible to the 
specialized red-clover population, and of annual nature would have been 
perfectly sate, but certainly not lucerne and other hosts of perennial nature. 
This perennial nature would be the best opportunity for the nema to adapt 
itself, and perhaps in two or three years lucerne (alfalfa) would be highly 
infested. 

The previous example shows well how the advocated conception explains 
observations and facts of hitherto rather puzzling nature, and gives more 
definite lines along which to work in crop rotation. 

These examples may be sufficient to show one reason why so much of the 
endeavor of a series of investigators to find and to breed nema-resistant crop 
varieties had not yet produced the desired results, even after about thirty 
years of experimenting. The fundamental conceptions upon which these 
experiments were founded were inadequate. The terms ‘‘strain’’ and ‘‘bio- 
logical race’’ were also often used in a very inexact and unscientifie way. 

t is not allowable, for instance, to call a population of 7’. dipsaci a ‘‘straw- 
berry strain’’ just because these nemas were found on strawberries. Before 
doing this it should be ascertained how long this population had really 
lived on strawberries and to what degree they were specialized on them. It 
is very incorrect so to name it if the specimens of the population also attack 
alfalfa, red clover, potatoes, buckwheat, peas, onions, ete. It seems to me 
that only a population which for many generations has lived exclusively on 
this plant and is therefore specialized on it should be so termed. But if the 
host history is not known, and experiments do not prove a strong special- 
ization on strawberries, the term ‘‘strawberry strain’’ is certainly misused. 
A strain is, indeed, something more stable, at least as the term is used in 
genetics. It is of no value to state that the ‘‘alfalfa strain’’ of 7. dipsaci 
can be brought to infest red clover, buckwheat, alsike, white clover, peas, 
turnips, potatoes, and Polygonum, if the former host history of this ‘‘alfalfa 
strain’’ is not known. In this host history of the ‘‘alfalfa strain’’ lies the 
explanation of its present behavior, and from a knowledge of this host 
history, one might even be able to predict behavior toward new host plants. 
Such ‘alfalfa strains’’ of different origin and unknown host history might 
behave quite differently and the results of such experiments would lead 
only to confusion. The behavor of these ‘‘strains’’ seems to be very largely 
a function of their host history—of the time they lived on a certain plant; 
and, as experience proves, it is therefore something very variable. 

The conclusion therefore is that all experiments on nema resistance, im- 
munity, and susceptibility of plants should be made only with populations 
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of which the host history is well known for at least a number of generations 
It is very doubtful whether a nema population of Heterodera radicicola, for 
instance, could be found, of which the present members could be brought 
to attack all the different plant species known to be its hosts. 

However, it would seem possible to attract the offspring of a nema popu. 
lation of IH. radicicola, for example, to all the known host plants by chang. 
ing the host for the sueceeding generations so that each following host would 
be of the closest possible relationship to the foregoing one, and to try in 
succession all the known hosts. Perhaps it would be possible in following 
this same line to infest a large number of plants not yet known as hosts. | 

Another point of practical use results from the preceding deductions, 
namely, that any crop variety should be claimed to be nema-resistant or im- 
mune or non-suseeptibile only after this erop has been brought into contact, 
for at least a number of years, with a nema population which has lived in 
large numbers on a crop variety closely related to the one being tested. As 
we understand the situation, a nema population may adapt itself to a new 
host little by little, and only after some time be truly specialized on it. No 
statement that a crop variety is nema-resistant can be fully accepted until 
the host history of the nema population with which the experiments were 
made is properly known and stated. 

The application of the present findings may be of some importance in 
erop rotation also. Usually it is said that any so-called nema-susceptible 
erop should be left out of the crop rotation on infested fields. However, as 
results from the previous sections show, it might in many cases be perfectly 
safe to use annual crops known to be hosts of the infesting nema species, as, 
for example, in the ease deseribed by Liebscher (30) and mentioned above, 
it would have been perfectly safe to grow sugar beets on the plot where 
Heterodera schachttii has damaged the peas so badly. A summer’s crop of 
sugar beets would not have suffered from that H. schachtii population whieh 
had lived on peas for so long a time. On the plot where oats were so badly 
infested with H. schachtti, peas would have been safe. 

For combatting nemie pests by scientific crop rotation, one has to know 
the host history of the nema population in a field (not only the erop raised 
but also the weeds present every year) and, armed with this knowledge, one 
may use even crops susceptible to the species of nemas in the field, but not 
to the present population. 


HOW ARE THE NEMAS ABLE TO RECOGNIZE AND SELECT THEIR HOST PLANTS 

The facts revealed in the foregoing show clearly that our plant-infesting 
nemas have the faculty of recognizing a host plant and even of distinguish- 
ing a preferred host plant. The preferred host plant seems always to be 
that one upon which the ancestors of the nema population lived. The degree 
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of preference for a certain host plant seems to grow with the number of 
suecessive generations a population of a nema species has lived on it: and 
the more the nema specializes on one host plant, the more it will apparently 
lose the ability to attack other host species, and the more finely developed 
will its sensibility for this one preferred host become (3). Now the ques- 
tion arises as to the causes of this significant behavior. Are they within the 
plant, the nema, or within both? 

| Baunacke (3) showed that the nema is led to its preferred host plant 
by some chemotactic influence exerted by the plant. His experiments seem 
to prove that some kind of root secretions, chiefly formed by young growing 
roots, are carried by the soil water to the nemas, which, stimulated by this 
substance, even leave the egg shell or the cysts, a fact reeently developed 
further by Rensch (45) in some very interesting and promising experi- 
ments. Movine towards the higher concentration of the dissolved substance 
they find their host. It has to be assumed from these experiments that the 
active root secretions of different plants must be different and that the 
nemas are capable of recognizing the differences and of choosing those of 
the preferred host plant first. 

However, taking into aecount the more recent experiments of Rensch, it 
seems at first that the active part of these root secretions is of a rather 
simple chemical nature. Rensch confirmed the results of Baunacke that 
washings of the roots of growing sugar beets, containing the active parts of 
the root secretions in solution, would stimulate the larvae contained in the 
brown evsts of Heterodera schachti to hatch. Renseh was even able to get 
the same results by the application of two synthetical products, named A 
and B, prepared by a chemical firm. What he says about their chemical 
nature is that the first, A, is a known stuff from roots of many plants and 
that the second, B, is formed by the transformation of plant plasma in the 
soil. It therefore seems that these active compounds must be of a rather 
simple chemical nature. But, if we compare these results with all the facts 
of the ability of the nemas to respond to and to distinguish the stimuli of 
different plant species and even varieties, it seems impossible that these 
compounds are the only directing stimuli. From the results of the experi- 
ments of Rensch and a study of the behavior of plant-parasitie nemas 
toward their hosts, I rather conclude that the compounds which stimulate 
the nemas to hatch are not identical with the ones which direct them after- 
wards to their preferred host plant. Compounds generally formed by the 
growing of roots and of little or no specifie character might act like first 
messengers on the eneysted larvae of the nema and announce to them that 
conditions for leaving the cysts were good. Naturally the larvae will move 
toward these stimuli, because they are signs of plant life, but the final selee- 
tion of the host seems to me to be directed by compounds of more specific 


nature. 
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This conception seems also to be supported by the action of chicorie 
upon the sugar-beet nema. Several authors proved that these plants stim. 
late to a high degree the hatching of the larvae in the brown cysts, but no 
nemas or very few will attack it. 

In showing the chemotactic influence of the plant upon J/eteroderg 
schachtvi, Baunacke, and later Rensch, made a most important step towar 
an understanding of the mutual relationship of host and parasite. Without 
doubt similar conditions are present in /7, radicicola, Tylenchus dipsaci, and 
other plant-infesting nemas and their hosts. The nemas must have means 
to recognize and distinguish their hosts through chemicals secreted by th 
latter and carried by the soil water. The nature of the active root seer. 
tions is not vet known, but must doubtless be very specific for each plant 
species, sometimes even for plant varieties or races. Neither Baunacke nor 
Renseh traced these relations any farther. The nema, as the perceiving 
organism, was not studied more closely by them; they seemed to be satis. 
fied with the establishment of the relationship. Yet, for a true understand. 
ing, we need to know how the nema is able to perceive the chemical stimuli 
sent out by the plants. Has the nema organs of perception for such stimuli! 
Undoubtedly these organs can only be sense organs. Furthermore, they 
must be placed near or at the head end. If not, they could never guide the 
nema toward its host. The head end of the nemas, in faet, shows at least 
two, sometimes three, groups of sense organs differing decidedly in strue 
ture and undoubtedly also in their functions. These are, first, the so-called 
head, labial, and mouth papillae, which are thought to be organs of touch 
(tangoreceptores) ; second, the amphids, or lateral organs, which by au 
Strassen (55) and the writer (50, 54) have been claimed to function as 
chemical sense organs (organs of taste, gustoreceptores) ; and third, in some 
marine and fresh-water free-living forms there are also organs for the per 
ception of heht (oeelles, photoreceptores). 

The amphids, or lateral organs, are, as the writer thinks, doubtless the 
sense organs with which the nemas perceive the chemical stimuli whieh 
Baunacke and Rensch in their experiments proved to be sent out from the 
roots of sugar beets. 

These amphids are well known to all investigators who have worked on 


free-living nemas. They were first named lateral organs by Bastian (2 
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because of their constant lateral position. Only exceptionally are they | 


shifted slightly dorsal. They were later renamed amphids by Cobb (12 


because animal morphology had already lateral organs in fishes, amphib 


ians, ete.; also, and more important philologically, the nemas have many 
other organs that are ‘‘lateral.’’ There is no doubt that they are no 
homologous with the former, and it was therefore thought best to renamt 
them. Until quite recently amphids were assumed to be a feature of only 
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some free-living genera. Investigations, chiefly by Cobb and the writer, 
showed that they are present also in many parasitic forms from widely 
separated groups. As they were found in any nema which was closely 
searched, it might be safe to say that they are present in all nemas, and are 
their most characteristic and typieal feature. Textbooks eould safely 
assume this character to be typical in their diagnostie descriptions of nemas, 
if once they would try to become modern in this respect and not offer again 
and again chapters on nemas written exclusively about a few parasitic 
forms, neglecting the bulk of the group in all its morphologieal and physio- 
logical richness. 

Years ago zur Strassen (55) pointed out that the so-called lateral papilla, 
as described by authors of parasitic nema papers, might be homologous to the 
amphids. Again and again investigators showed that these so-called lateral 
papillae were entirely different in structure from the submedial ones, and 
the presence in them of apparently glandular cells connected with nervous 
elements was repeatedly stated. 

Recent investigations of Cobb (13) showed the presence of these am- 
phids in Heterodera radicicola, and the present study attempts to describe 
them also tor IT. N¢ hach fri, Tyle nehus dipsa 2, and c. tritic i. 

It may be repeated here that Baunacke was not the first who observed 
such pronounced chemotaxism in nemas; similar observations were made 
by a number of other investigators such as Buerkel (9), Mareimowski (33) 
ete. Having adopted the views of zur Strassen about the assumed chemical 
function of the amphids, the writer himself has called attention to this in 
many of his previous papers (50, 51, 52, 53, 54 

It is of special interest to know that these organs are also present in 
Heterodera schachtti, because it is for this form that the chemotaxie rela- 
tionship between plant and nema has been proved experimentally by 
Baunacke. Here the amphids have the usual lateral position, and are some- 
what difficult to see; this is the chief reason why they have been overlooked 
in the past. The amphidial opening is very close to the mouth opening 

Fig. 6C) and has, as seen from the front, a somewhat oval shape. A narrow 
canal leads into a long eonieal strueture which ean be followed for a dis- 
tance towards the nerve ring. Just behind the spherical swellings on the 
inner end of the spear, the cavity of the organ appears to be closed, so that 
the cephalie part seems to form a pouch-like structure, inside of which a 
small number of threadlike fibers can be seen. These are apparently ter- 
minals of a bundle of nerve fibers. The cress sections represented in figure 
6 (D and E), combined with figure 6 (A and B), enable one to get a con- 
ception of the organ more or less approaching the reality. The writer is 
inclined to assume that, as in other nemas, a cell of apparently glandular 
nature surrounds the nerve fibers, connecting the terminals with the central 


































016 PHYTOPATHOLOGY | Vou. 15 
nervous system, and that this cell begins right where the amphidial poucd 
is closed. 

Cobb (13), as mentioned above, recently deseribed a very similar strve. 
ture for Heterodera radicicola. 

Also Tylenchus dipsaci proved to have these amphids, as shown in figure 
7 (A-D). A front view is given in figure 7C, and the openings of the am. 
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Fic. 6, <A. HHeterodera schachtii, head-end, seen from a medial side, to show th 
amphid on each lateral side; amph, amphid; amph op, amphidial opening; amph } 
amphidial pouch; sp, spear. 

B. Main fig. Heterodera schachtii, head end, seen laterally; left small | 
sketch of a submedial head papilla as seen in profile view; amph, amphid; amph 6 
amphidial opening; const amph, constriction of the amphid, apparently the place wher 
the an pl idial pouch ends; oe, oesopl agus; outl gl sal, outlet of the salivary gland; pro § 

I a n 

mse, protractor muscle of the spear; sp, spear; subm ppl, submedial papillae; sw trm, f 
probably a swelling in the terminal. : 
" { 

C. Heterodera schachtti, front view of the head; amph, amphid; sp, spear; suom | 
ppl, submedial papillae; vustbl str, vestibular structure. 

D. IIHeterodera schachtii, cross section through the head in the region ox the eylim | 
drical part of the spear; amph, amphid; corp msec, body muscles; protr msc, protractt ' 


muscles of the spear; sp, spear. 
E. Hleterodera schachtii, erToss section right behind the bulbs of the spear; amp 


amphid; lat ch, lateral chord; sp, spear. 
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out phids are easily distinguished from the four submedial papillae. Other 
aspects of the organ are shown in figure 7A; a somewhat sublateral view, 
true. ‘ure 7B; a medial view showing the organs in profile in figure 7D, where 
4 eross section is drawn. In the specimens of this species, swellings of the 
igur terminals, as described by Cobb for H. radicicola, could be seen, and the 
Pam. | whole structure of the organ was even better recognizable than in the fore- 
going H. schachtvi. These are, however, apparently results of the fact that 
the specimens of T. dipsaci which were used for the present study were 
adults, whereas those of //. schachtii were still in the young larval stage, 
therefore much smaller and more difficult for the study of details. 
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Fig. 7, A. Tylenchus dipsact, ventro-submedial view of head end; amph op, amphidial 
b ng; amph p, amphidial pouch; oe, oesophagus; protr msc, protractor muscle of the 
, spear; sal gl, salivary gland; sp, spear. 
B. Tylenel dipsaca, ventral view of head end; amph op, amphidial opening ; amph 
mphidial pouch; nrv, apparently amphidial nerve fibers; sal gl, salivary gland; sp, 
f té Is 
xi C, Tyleneh dipsacti, front view of the ad; amph, amphid; subm ppl, submedial 
pn a. 
| ). Tylenchus dipsaci, eross section through the region behind the spear; amph, 
} ls ql s 4 salivary gland; oF, Of sophagus. 
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In Tylenchus tritici the amphids are very similar to those of T. dipsaci 
ad and of the two species ot Heterodera. A front view shows two eireles of 
head sense organs; the inner circle comprises very fine and minute mouth 
papillae. There are apparently six faintly developed lips (Fig. 8A), and 
. the lip region is somewhat set off. The submedial lips bear each a very fine 
evil Be ° . . * : rr . 
ee cephalie papilla, more easily seen in a front view. The lateral lips, how- 
ractor § . 5 : P : 
ever, seem to be without any papillae but to bear the amphids. In a front 
all view they closely resemble the submedial papillae, but intra-vitam staining 


shows the difference in structure very quickly. The amphidial openings are 
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apparently placed on the apex of the lateral lips, and are therefore located 
in the same circle with the submedial papillae. A very narrow duct leads 
inward and gradually widens to what might be termed a long, conieal, oy 
better, a somewhat irregularly shaped, spindle-like, amphidial pouch with 
thin walls. This pouch seems to end in about the double length of the spear 
behind the head end, as indicated by a constriction, after which a more 
compact part follows. Within the pouch the same elements as in both 
species of Heterodera and T. dipsact could be seen, but it is very difficult to 
ascertain the number, exact shape, and position. The cross sections as 
shown in figure 8 (C and ID), combined with the views of figure 8 (A and 
3), may help to present the structures in the best possible way. 

[It we look for organs of similar structure throughout the animal king. 
dom, so-called chemical sense organs (taste and smell) of other forms are 
the first to be considered, as, for example, the taste buds of mammals or 


insects, ete. 
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Fig. 8, A. Tylenchus tritici, dorso-sublateral view of the head end; amph nrv, am 
phidial nerve; amph p, amphidial pouch; gl sal, salivary gland; o¢ tb, aesophageal tube; 
otr msc, protractor muscle; sp, spear; trm, terminal; vest cut mur, cutie ilarized wall 
of vestibulum. 
B. Tylenchus tritici, front view of head end; amph, amphid; lab ppl, labial papil 
lae; subm ppl, submedial papillae. 
C. Tylenchus tritici, cross section through the region of the spear; amph, amphid; 
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cles of spear; sp, spear; nt ch, ventral chord. 
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We have not yet established the connection of the above-described end 
apparatus of the amphids with the central nervous system. It will be done 
later; but as this connection has been studied and found to exist in a num- 
ber of nemas from widely separated groups, and to be of similar structure 
throughout, the acceptance that the present forms make no exception is cer- 
tainly permissible. In all probability our parasites do not differ in this 
point from the typical organization found to be valid for Asearis (21), 
Oxyuris (34), Sclerostomidae (3la), Aneylostoma (31), Siphonolaimus 

55). Oncholaimus (18), Mermithids (253), ete. 

It might be said that we have not yet the experimental proof of the chem- 
ical function of the amphids or lateral organs, especially in the present 
species. This proof will be a very difficult one technically on account of 
the small size of our parasites and the much smaller size of the organs them- 
selves. To make these organs functionless, and then to study the behavior 
of an animal deprived of them will be a difficult proposition. Perhaps some 
free-living marine forms with large-sized amphids could best be used for 
such experiments. But while experimental proof of the nature of the 
function of the amphids of nemas is still lacking, there are a number of 
reasons Which speak plainly for their chemical function. 

1. Their structure is most often very similar to that of the chemical 
sense organs of other animals (organs of taste and smell), especially to the 
taste buds. 

2. The amphids show, within the nematode group, a multitude of dif- 
ferent forms for which only the conception of their chemical function seems 
to give a satisfying explanation. In assuming for them a statical or auditive 
function, however, this structural richness can not be understood; gravity 
can not be thought to affect differently the various species of one genus or 
the varieties of one species. And yet the amphids often show marked strue- 
tural differences even in very close systematie groups. Neither can the con- 
ception of their auditive function be satisfactory in view of the apparent 
specificity of the amphids in each variety, species, and genus. Even if we 
assume that the environment of nemas is filled with sounds, we are unable 
to see a relation of specific environmental sounds to the nemas; we can not 
see any benefit to the nema in perceiving these sounds, and nature never 
works along lines of uselessness. Neither can any other kind of mechanical 
Waves or pressure explain in a satisfactory way the structural richness of 
the amphidial organs in our nemas. 

3. Numerous cases of so-called sexual dimorphism are recorded in the 
amphids of nemas, the ones of the males very often being larger than those 
of the females. Only the conception of their chemical function furnishes a 
satisfying reason. If they were auditive in their function such sexual di- 


morphism could only be understood by the conception that the sexes produce 
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tunes to attract each other and that these tunes are specific for even varie. 
ties of species. But no tune-producing organs are known in our nemas 
Nor can the assumption of a statical function or a mechanical wave-perceiy. 
ing function explain this dimorphism. 

4. The amphids are probably, without exception, a compound organ of 
nervous elements with what seems to be a gland. Here, too, the conception 
of a chemical function seems the one most in accord with this union of 
organ elements. 

5. That the nemas must have chemical sense organs is experimentally 
proved. If we review all the known sense organs of the nema body, the 
amphids are, it seems to me, the only ones which could be considered ag 
such, as the structure or position of all others is of a nature which contra. 
dicts their identification as chemical sense organs. 

6. It is a rule that the amphids of nemas living free in fresh water and 
sea Water are most often of a comparatively larger size (e.g., the end appa- 
ratus) than those of the parasites and of the free-living soil forms. This 
can easily be understood from the conception that the amphids are chem- 
ical sense organs and that in the sea and lakes naturally the active chem. 
icals are dissolved more than, for example, in intestinal fluids or in the soil 
water. The larger size of these organs in fresh-water and sea nemas can 


easily be explained by this conception. 


Thus it seems that many facts speak for this conception, and, so far as I 
know, none against it. 

With the foregoing facts and interpretations which have just been set 
forth, the whole mechanism of host selection of the plant-parasitic nemas is 
satisfactorily outlined in its chief points and may be deseribed as follows: 
Apparently some very specific chemical substances are produced by the 
growing roots of plants, and are dissolved and earried by the soil water in 
various directions. They act as stimuli on the nemas, the latter having re- 
eeptors for them, presumably the so-called amphids or lateral organs on 
the head end. By moving toward points of higher concentration of the 
solution, e.g., towards quantitatively higher stimuli, the nemas locate their 
hosts. The amphids as perceiving organs are highly sensible to the qualities 


as well as quantities of the acting chemicals. 


THE HOST SELECTION OF NEMAS PARASITIC IN ANIMALS 
The question arises whether the host selection in nemas parasitic in ani- 
mals is similar to that here described for plant-parasitic forms. Undoubt- 
edly this might be so in many eases, at least in those where the parasites 
actively move toward the host. It might not be so in all cases where infee- 


tion goes on in a more or less passive way and is built upon coincidences 
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entirely uncontrolled by the nema. As far as the writer knows, different 
tropisms have already been claimed to be factors playing an important réle 
in the location of their hosts, or special organs of hosts, by certain parasites. 
For example, special stress is laid on the thermotropism of the hookworm 
larvae. However, it seems to the writer that temperature cannot be the 
only directing agent. Plant-parasitic nemas also have their optimal tem- 
perature and move toward it and show therefore a thermotropism similar 
to that of the hookworm larvae, and yet it would be a mistake to say that 
thermotropism is the leading agent in host selection in this ease. 

It is the so-called histotropism (8, 20) of parasitie nemas which is ap- 
parently a result of a mechanism similar to that here described as the host 
selection mechanism of plant-parasitic nemas. This histotropism’, resulting 
in the finding of their special host organs or host tissues by the parasitie 
nemas, is undoubtedly a chemotropism and the managing sense organs are 
assumed to be the amphids. A very definite host-tropism for certain Mer- 
mithidae will be described in a paper now in preparation. 

It seems also that for certain nemas parasitie in animals, host special- 
izations occur similar to those here described for the plant parasites. Al- 
though the matter has not vet been studied along the lines followed in the 
present paper, there has been much argument and discussion with regard 
to the identity or systematie difference of some Ascaris, Belascaris, and 
Trichuris living in man and domestic animals. Some investigators regard 
the specimens from different hosts as different species, and others do not. 
The situation here is not so explicit as in the plant-parasitie forms, and will 
still need much enlightenment. Some statements about the possibility of 
the transmission of a parasite from one host to another are rather contra- 
dictory, and the situation, as presented today, recalls clearly what has been 


said about the behavior in this respect of plant-parasitic forms (4 


THE FOOD SELECTION OF FREE-LIVING NEMAS 

Comparatively few species of free-living nemas have yet been reared 
and are more or less known in their feeding habits. Most of these known 
lorms are saprophytic or saprozoic feeders; a good part of them live on bae- 
teria and their products. It is usually thought that these saprophytie and 
saprozoic forms can easily be reared on almost any kind of decaying organie 
material. Yet, anybody who tries to rear these nemas may gather experi- 
ences of a nature similar to those deseribed in connection with the behavior 
1 plant-parasitie nemas in choosing their hosts. Sometimes the initial eul- 
ture of one of these nema species is rather difficult; they seem not to be in 
their optimal conditions; many may die, and only a few finally adapt them- 
selves to the new conditions. After this the culture will go on beautifully; 
but if again a new kind of food is used, very often new difficulties will de- 
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velop, which, however, will only last until the nemas have again adapted 
themselves to this new food. 

We gathered some evidence of this kind in connection with Cephalobys 
subelongatus Cobb, a polyphagous species, and vet if we changed the food, 
after having given a certain kind for a long period, there was always a stop 
in the development of the cultures. Furthermore, we made similar obser. 
vations with cultures of many species of Rhabditis, Diplogaster, and other 
Cephalobi, ete. We could also quote statements of the same nature from 
literature, as, for example, Potts (41) and Gilbers E. Johnson’s (27) study 
of the nemas of the common earthworm. Here too the same food for a long 
period, e.g., for several generations, seems somewhat to specialize the nemas 
living on it in a way similar to that recorded above for plant-parasitic 


nemas. 


HOST SELECTION AND HOST SPECIALIZATION IN OTHER ANIMAL GROUPS 
COMPARED WITH THAT OF PLANT-PARASITIC NEMAS 

It is not my intention to give here an extensive review and discussion of 
all the known facts; my aim is only to recall certain outstanding examples 
which are rather parallel to the situation here treated. Unfortunately the 
host selection mechanism of most of the lower invertebrate parasites which 
locate their hosts in an aetive way has not yet been studied. In higher 
invertebrates, such as insects, ete., the réle of organs of scent (smell or 
taste) is well known and is often wonderfully developed. There are ex- 
amples of host selection which can be fully paralleled to that of the plant: 
parasiti¢ nemas (15, 57). We refer in this connection to an interesting 
paper of Craighead (14) which deseribes the behavior of a series of Ceran- 
bycid beetles toward different host plants, based on extensive experiments 
The host-selection principle, as defined by Hopkins (26, p. 353), that an 
‘insect species which breeds in two or more hosts will prefer to continue t 
breed in one to which it has become adapted’? ean certainly also be ap- 
plied to the plant-parasitic nemas, as previously shown. 

The host specialization of certain Protozoa, Helminths, and Arthropods 
parasitie in man has recently been discussed by Chandler (11) to whom wi 
may also refer for more literature. Chandler shows that conditions similar 
to those of the plant parasites here deseribed are also found in mites and 
lice, in tapeworms, trypanosoms, and trichomonads, in Rickettsia-like or- 
ganisms, in spirochaetes, and bacteria. There is everywhere this one prob- 
lem of the svstematie relationship of forms living in different hosts, differ- 
ing from each other very slightly, or not at all, morphologically, but vary- 
ing in infectivity for different hosts. But in all these examples from other 
groups the situation is not vet so clear as in the plant-parasitie nemas. In 
the latter we already know the identity of all these forms specialized om 
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different hosts, whereas this identity is still in diseussion in connection with 
the above-mentioned cases of insects, ete. The actual situation as it exists 
is not so little known here as there, and the plant parasites offer a much 
better field for investigations of the host specialization problem in general 
than any animal group. The problem is of highest importance, not only for 
parasitology in all its branches, but also for all parts of biology, applied as 
well as theoretical; this may be discussed in the following section. 


CAUSES AND THEORETICAL SIGNIFICANCE OF HOST SPECIALIZATION 

Undoubtedly the factors which are at work in bringing about all the 
changes (physiological and morphological) that a parasite shows in its adap- 
tation to a new host, and in its specialization to different hosts, are of simi- 
lar nature in all animal groups previously mentioned. Each new or differ- 
ent host represents a change in environment. All investigators agree that at 
least physiological changes take place, and it seems evident to me that these 
go hand in hand with morphological changes, although they are often hard 
to perceive. There are indications of morphological differences in some 
‘*strains’’ of our plant parasitic nemas, but they have never been studied 
with enough exactitude. Do these changes take place before the parasite 
reaches the new host, or are they a result of the new environment? Chand- 
ler in his interesting paper (11, p. 334) discusses this matter and lays much 
stress upon a possible segregation and survival of favored genetie races but 
does not see in this process the only possible way ; somatie acclimatization, 
induction, and preinduction in his opinion, although of less importance, are 
still processes whieh nature may use here. 

Chandler goes even further: he sees in the formation of many geo- 
graphical and ecological races of species the same factors at work as in the 
process of host specialization. Very little is known about the true nature 
of the process, but what is known certains puts this phenomenon close to 
that of host specialization. 

The same author in this connection also discusses the so-called drug re- 
sistance or what Ehrlich (17) termed ‘‘Giftfestigkeit’’ of the lower or- 
ganism. Here too, it seems to me are similar factors at work. If a certain 
population of these organisms can be accustomed step by step to otherwise 
deadly toxie substances, this phenomenon at least greatly resembles, or is 
perhaps identical with, the adaptation of some parasite to a new host and 
the gradual specialization on a certain host as shown in our nemas and as 
expressed in Hopkins’s principle applied to insects. 

The problem involved here is that of the ability of the living matter to 
respond to outside stimuli in an adaptive, regulative way. But it is not our 
intention to discuss here this question which is already fully dealt with in 


many other papers. The plant-parasitie nemas are exceptionally good sub- 
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jects for the study of the whole problem. The situation, at least with regard 
to the metazoa, is here, as already stated, more explicit than anywhere else. 
The chief point is the fact that the changes begin with the host-selecting 
mechanism. As shown in previous sections of this paper, progressive host 
specialization in our plant-parasitic nemas begins with a progressive {acuity 
of recognizing a preferred host, of answering the stimuli from this host in ‘ 
more and more accurate way, and of being more and more sensitive to these 
very stimuli. At this time the parasite is still outside the preferred host 
and therefore not vet subject to its full environmental influences; th's makes 
the phenomenon still more astonishing but points to a definite way of how 
the changes for specialization take place. The perceiving apparatus of the 
chemical sense organs is first involved and shows, it seems, the most out- 
standing changes. 

There are several possible explanations. Have we here an exclusive 
nervous action? Are the sense organs and the conducting system only 
involved in the changes in that a certain kind of stimulus is more easily 
perceived by its repetition? Have we here a kind of ability to learn? 

In the whole process one is led to see simply a result of selection. If we 
assume that in a somewhat polyphagous population a number of food strains 
are contained, then the gradual specialization on a certain host plant would 
be brought about by a more and more strict selection. But this explana- 
tion does not seem to me entirely satisfactory. It would be necessary t 
assume that even in the highest specialized population specimens of still 
impure genetical constitution are present from which strains of any kind 
could be segregated, and eases like those observed by Tischler (56) could 
hardly be understood. Here, if left to choose the host, the entire pop- 
ulation goes to Circaea lutetiana, and no specimens to C. intermedia. But 
if there is a lack of the former, C. intermedia is well attacked. If selection 
were the only and the chief agent, this process would not go on in the 
manner observed; a number of specimens would certainly go to C. inter 
media in Tischler’s ease where there was a choice, and it seems to me that 
the very same number of nemas, and no more, ought to be found on €. 
intermedia in the second alternative. Any such experiment of free choiee 
of food and forced food should result in the same Mendelian segregation. 
However, since this is not the case, it seems to me to disprove the concep- 
tion that selection is the chief factor. 

But still another line of thought for explanation and understanding of 
the phenomenon might be considered. The nervous end apparatus, by the 
veneration-long action of the same quality of a stimulus, seems to lose the 
ability to respond to any other quality; therefore it could be thought that 
the assumed ferments in the amphidial fluid get more and more adapted to 
the specific stimulus of the one host plant as the digestive ferments answer 
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the nature of the food taken in. This would mean that the glandular cell, 
supposed to be always connected with the nervous elements, would, by gen- 
erations of life on the same point, lose the capability of changing the quality 
of the ferment. Or does the nature of the food, after the first step in adapta- 
tion to a new host is once made, influence the supposed amphidial ferments 
in a parallel direction? 

The whole situation, as described above, reminds one much of the be- 
havior dogs show toward game animals. Some are specialized on rabbits, 
others on toxes or some other specific vame, and still others take up all 


kinds of game. 


THE HOST SELECTION AND HOST SPECIALIZATION PROBLEM IN ITS APPLICATION 
IN THE STUDY OF NEMIC PLANT PESTS 

The tfaets and viewpoints described and discussed in the foregoing see- 
tions are doubtless of much practical significance, at least in the study of 
nemie plant pests. Several well-separated problems can now be seen ; to dis- 
tinguish between which is undoubtedly of value. There is first the problem 
of the attraction, non-attraction, and repellaney of nemas by plants. <As a 
second problem comes that of the resistance of hosts toward the attacks of 
nemas. Here the nemas are attracted by the host, but mechanieal, chemieal, 
or other obstacles prevent them from entering. <A third problem is that of 
host immunity. Here the nemas are attracted by the host and are able to 


enter it and live in the host, but apparently do no perceptible harm to it. 


The Problem of Host Attraction, Host Indifference, and Tost Re pe llancy 

At various places we have already called attention to the value of the 
knowledge of the host selection problem in control of nemie pests in plants. 
The problem divides itself into the three subproblems named in the title of 
this chapter. Of these, host attraction and host indifference are closely 
related to each other. It is needless to repeat what has already been said 
about the importance of a thorough knowledge of host attraction and host 
indifference for any application of Kiihn’s trap-plant method or the 
Reizptlanzenmethode’’ of Baunacke or crop rotation. Host attraction and 
host indifference are phenomenona of very variable nature. Although 
future investigators may have to solve numerous question, these following 
points are regarded as somewhat ascertained. 

1. Host attraction and indifference are not only the result of the specific 
constitution of a plant, but also of the host history of the immediate ances- 
tors of the nema. 

2. The choice of a cateh- or trap-plant, that of a ‘‘Reizpflanze,’’ and 
that of a crop in crop-rotation control methods has to be based upon this 
host history of the nema population to be controlled. 
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3. Perennial plants, even though they are not vet known as hosts, should 
rather be exeluded trom crop rotation in nema-infested fields, as any nema 
population having the same plant at its disposal for generations may adapt 
itself to it. 

4. In crop rotation on nema-infested fields, not only the crop history, 
but also the nature of the weeds present each vear has to be known and con. 
sidered in the choice of a suitable crop. 

5. In irrigated land, hitherto it was thought that the nemas were 
spread by the carrying capacity of the soil water. After the experiment of 
Baunacke mentioned on p. 503 and after we learn that the soil water jis 
transmitting the attracting chemical stimuli from the plants to the nemas, 
this problem gains a more complex aspect. Water flowing from uninfested 
fields to infested fields must direct the nemas of the latter to the former if 
the same plants, or even more preferred ones, grow there. Naturally this 
is true only of the water flowing in the soil itself, and not of that of the 
watering channels, 

If an isolation and determination of the chemical substances which aet 
as attracting stimuli upon the nemas could be made, the way to the use of 
baits would be more easily approached, and perhaps more economical and 
efficacious methods than the cateh-plant method of Kiihn could be found. 
A recent publication by Rensch (46), as already mentioned, opens wide 
possibilities along these lines. 

With regard to the third sub-problem here touched upon, that of host 
repellaney, there are very few facts known. Chicory and onions are said by 
some authors (25, Dp. Oo: 29, DP. 304: 35. p. 1007: 36, }). 89: 64. p. &) to aet 
in a way which at least partly resembles repellant action. 

If plants could really be found which are repellant toward the nemas 
above mentioned, it would not seem impossible to find out the cause, and 
perhaps the chemical, which acts as such. 

Hitherto investigators have been most often endeavoring to find chemi- 
cals to kill the nemas in the soil. Although hundreds of different prepara- 
tions were tried, no very satisfactory result was obtained. A search for 
repellants has not yet been made. Perhaps such fluids could also be found 
for plant-parasitie nemas, as the anthelminthies used for removing Ascaris 
(Santonin, Chenopodium) or hookworm (carbon tetrachlorid) are perhaps 
repellants, and not killing fluids. The ideal arrangement would be to 
have a repellant which would be highly parasitotrop (17) and would 
act at the same time as a fertilizer on the plant so that its repeated appl- 


cation would result in a doubly beneficial influence on the plant. 


The Probl me of [lost Resistance 
In the past, investigators spoke very often of host resistance in cases 


where non-attraction would have been the right term. A plant can only 
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be termed resistant if it actually resists the attacks of the nemas. But if 
the latter do not attack it because they do not perceive its presence, such a 
eondition can hardly be ealled resistance. In the study of plant-parasitie 
nemas, the resistance of a plant means that it opposes the entrance of the 
nemas by some mechanical or perhaps chemical means. The use of resist- 
ance in this restricted sense is not only more appropriate in the existing 
situation but also helps to separate the wide problem of mutual relationship 
of plants and nemas into smaller parts with more definite questions and 
more sharply outlined points of attack. Heretofore, if a plant was not 
found to be infested, it was termed resistant, regardless of the causes, which 
often were not at all within the plant. 

A plant may resist the attacks of nemas either by some mechanical or 
chemical means. Unfortunately very little is known with regard to this. 
There are a few definite cases of apparently real resistance mentioned in 
literature (62, 52, 39, 65). 

Only for cowpeas, as far as the writer knows, was an attempt made to 
find out the cause of resistanee. Through the courtesy of Dr. Arzberger,? 
the writer had the opportunity to read an unpublished paper on some inves- 
tigations regarding the causes of the nema resistance of several cow peas. 
The results were that of five studied varieties, the more resistant, Lron and 
Brabham, had the roots best guarded by protective tissue; their cork layer 
was better developed and had fewer broken areas; the cork cells had more 
suberized walls, and the mechanical tissue in the cortex was, on the whole, 
more uniformly distributed. Furthermore, the cells containing starch were 
more remote from the periphery of the root, and starch was not so abundant 
as in the cortex of the non-resistant varieties. It will be one of the first 
tasks in coming investigations to define more clearly the causes of the 
restistance of plants as outlined above. It might then be difficult some- 
times to distinguish true resistance from immunity. A number of similar 


cases are known. however. for insects (see 40. 48. 58. and others) 


The Problem of Host Immunity 

It we compare different nema-infested plant species, we notice that the 
degree in which they suffer from attacks is quite variable. One plant 
species will suffer much from a light attack and even be killed, whereas an- 
other species will show, in even a heavy grade of infestation, no signs of 
real suffering. In this connection one of the many examples in literature 
is cited. Papaya gracilis seems to suffer more and to react more differently 
trom the attacks of Heterodera radicicola than numerous other plants. 


2 Arzberger, E.G. <A comparative morphological study of cowpea roots resistant and 


resistant to nematode infestation. [Unpublished. ] 
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According to Beille (5), the swellings here reach only the size of a hazel 
nut and then decay, whereas other plants, for example, Dioscorea illustratg, 
according to Queva (42), seems to be absolutely indifferent, in that infested 
specimens show no difference from the uninfested ones, and in some cases 
radicicola even seems to be useful to the host. This is stated by Vuillemip 
and Legrain (61) for a number of crop plants in the dry soils of the oases 
in the Sahara. These plants lignify the walls of the giant cells due to the 
attack of the parasite and use the so-formed cavities as water reservoirs 
This makes them able to accumulate water for the hot part of the day and 
thus to withstand the dryness, while specimens not harboring H. radicicola 
perish. Here the parasitism is changed into a useful symbiosis. Here, 
again, is an entirely separate problem, that of host immunity. In the study 
of the nemic pests the phenomena of non-attraction, host indifference, host 
repellaney, and host resistance were all termed immunity, despite the faet 
that they are very different phenomena. The immunity problem involves 
the whole behavior of a plant actually under influence of the attacking 
nema. To separate this phase of the mutual relationship of plant and 
nema is not only an aid in allowing the investigator a much more precis 
outline of all questions to be studied, but is an actual progress in the know! 
edge of the matter itself. 

In the study of this immunity problem, it is again the morphology of 
the nema which gives the basie facts and conceptions. Many plant infest- 
ing nemas possess relatively huge so-called salivary glands. On the other 
hand, botanists and other investigators with very little knowledge of a 
nemie organism ¢laim that the plant attacked is under the influence of 
some secreta of the nema. 

A third point is that the spear present in these parasitic nemas is said 
by some investigators (6) not to be a means for actual attack and punctur 
ing of the plant cells, as first was thought. Observations show that this spear 
is only a trifle protruded, its action being a quickly repeated running back 
and forth so that the point hardly comes out of the mouth opening. Further- 
more, the spear is often so narrow and fine that the conception of its being 
the direct means of the destruction and swallowing of plant cells and their 
contents must be dismissed. A study of attacked plant tissue also shows 
that no cells are emptied or destroyed in a mechanical way (38, pp. 151-173 

The action of the nema on the plant is apparently as follows: The nema 
ejects into the tissue of the plant by means of a short but rapid back-and- 
forth movement of its spear a liquid substance, presumably a secretion 0! 
the strongly developed salivary glands. Under the influence of this secre: 
tion the plant reacts in various ways, forming the giant cells (nectarial 
cells) (38) and tumor-like outgrowths, fluid exudates, ete. Perhaps also 
the exereta of the parasites living entirely inside the plant may contribut 
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stimuli to reactions, or at least influence the plant cells in their behavior. 
The so-called giant cells are formed only just around the mouth opening 
of the parasitic Heterodera, showing with evidence that they must be 
formed under the influence of an agent coming from the mouth opening. 
The careful examinations of the plant tissues showed no mechanieal 
injuries to these cells, so apparently the spear itself-is not the eause. What 
ean it be therefore but the secretions from the huge salivary glands of 
which the outlet leads directly behind the spear into the oesophageal tube? 

It seems to me, therefore, that there is much evidence that the harm 
these plant-parasitic nemas do to their host in the first degree is not 
mechanical, but toxic. The plant species, however, seem to react quite 
differently toward these toxins; and here is the point where the immunity 
problem begins. Have certain plants substances to bind. to neutralize 
these toxins? Are there antibodies present? We do not know, but future 
investigators will have to keep this problem in mind. It is not only of 
theoretical, but also of practical, interest. Might it not be that such knowl- 
edge could lead us to therapeutical treatments of nema-infested plants? If 
an annual crop plant is suffering under nemie infestations, there is at least 
this way to kill the plant and with it the harbored pest. But applied 
nematology has as its goal also the cure of perennial plants, such as fig 
trees, citrus, peaches, vines, ete., to which such radical killing methods ean 
not easily be applied. To avoid large financial losses, it seems that only 
theropeutical methods might be possible,-although plant therapeuties are 
today still a field hardly touched (16, 46, 7), but there is no reason for the 
conception that they are impossible. In the literature chiefly about 
Heterodera schachtii we find mentioned again and again that potassium 
has a very beneficial effect on plants (sugar beets) attacked by Heterodera. 
This point stands out so well that at first the reason for the bad growth of 
infested sugar beets was thought to be a searcity of potassium in the soil. 
Today, the connection of potassium with a better growth of Heterodera- 
infested sugar beets has not been cleared. This connection is apparently 
not only a purely nutritive effeet which the potassium has, but it also points 
toward a certain neutralization of the toxie influence of the parasites. If 
that is so, might it be possible in the future to step forward and find sub- 
stances being fully parasitotrop (nematrop) and little, or not at all 


organotrop? 


SUMMARY 
1. The question is raised how the soil nemas, especially the plant-parasitic 
forms, locate their food, their host plants. A number of examples and 
observations are given which show the ability of the nemas, 
a. to distinguish their hosts at considerable distances and to locate 


them in an active way; 
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b. to distinguish between the different hosts and to choose the one 
they prefer. 

Sut it is shown that the behavior of different populations ot one plant. 
parasitic nema species toward the same host plant is variable, often 
showing gradual differences from heavy to light attacks, sometimes even 
to an imperceptible infestation, 

It is shown that these differences in infestation of the same host plant 
by various populations of the same nema species are a result of eondi- 
tions which lie within the nema and not within the plant, and that the 
situation is as follows: 

a. A plant-parasitic nema apparently prefers always the host species 
or even the host variety on which its parents lived; the host prin- 
ciple, as established by Hopkins for Insects, is also appheable to our 
plant-parasitie nemas. 

b. This preference for a certain host grows with the number of gener. 
ations a nema population lives on it, the latter getting more and 
more specialized on this very host. This specialization may reach 
such a high degree that finally even new hosts of the closest tax- 
nomical, physiological, and chemical relationship to the old host 
are attacked no more or very lightly. 

c. In the judgment of the behavior of a nema population toward its 
host, the former host history is always of primary importance and 
in addition to this also, the possibility of choice. Forced by starva- 
tion, a nema population will attack a host which it will completely 
ignore if a more preferred one is present. 

The mechanism of this host selection is outlined, based upon the observa- 
vations and experiments of Buerkel, Baunacke, Rensch, and others, 
and a close study of the morphology of the sense organs of the involved 
plant-parasitie forms. It is shown that this mechanism works appar- 
ently as follows. The growing plants produce some root secretions 
which are earried by the soil water and act as stimuli upon the nemas 
The latter apparently perceive the stimuli with a sense organ called 
amphid or lateral organ which is thought to be a chemical sense organ. 
Presumably with the aid of these amphids the nema moves toward points 
of higher concentration of the stimulating fluid and so finally locates 
its host. The structure of the amphids of a few plant-parasitic nema 
species is for the first time described and their importance in general for 
the nemas discussed. 

The dominating significance of the host selection mechanism, as out- 
lined, is shown: 

a. in its power to explain fully the otherwise puzzling behavior of 
the nemas towards their hosts, a behavior which in the past resulted 


in so many seemingly contradictory observations. 
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b. in its practical importance for various control methods, such as 
Kiihn’s trap- or catch-plant method, Baunacke’s ‘*Reizpflanzen’’ 
method, Rensch’s recently developed activation method of the 
eysts ot the sugar beet nema, the crop-rotation method, and fur- 
thermore for all studies on host immunity, host resistance. host 
attraction, host indifference, and host repellaney. 

c. in its theoretical significance for the conception of species, varie- 
ties, races, and strains of the nemas involved. 

BuREAU OF PLANT INDUSTRY, 
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WASHINGTON, D. C. 
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PRESENCE OF THE EUROPEAN BROWN-ROT FUNGUS IN 
AMERICA 


WALTER N. EZEKIEL 


WITH THREE FIGURES IN THE TEXT 


The presence on the Pacifie Coast of a Monilia disease differing from 
the common brown-rot was first reeorded in 1915 by Jackson (6), who 
described a pear disease caused by an unidentified Monilia. This was 
studied by Posey (9, 10) who found it different from ‘‘S. cinerea’’ else- 
where in the country, and trom S. fructigena from England. Barss has 
described the typical blossom and spur blight injury caused on stone fruits 
and some varieties of pears; and, chiefly on the basis of Posey’s work, pro- 
posed tor the fungus the name Monilia oregonensis Barss and Posey (2, 3). 
More recently Rudolph described the Monilia blossom blight of apricots, 
destructive in California, with extensive investigations and directions for 
its control (13 

In a more detailed paper (4) the writer has given the results on which 
was based the conclusion (7) that the widespread and destructive brown- 
rot Sclerotinia common in this country, to which the name S. americana 

Wormald) Norton and Ezekiel! has been applied, is specifically distinet 
from SN. cinerea (Bon.) Sehroter of Europe. In the course of this work 
some cultures from California and Oregon have been of special interest. 
The California eultures studied were from rotten apricot (S 45), peach 
S 46 and S 47) and cherry (S 49) sent by Mr. B. A. Rudolph during the 
summer of 1923. Prof. H. P. Barss kindly furnished a culture of the 
Oregon spur-blight Vonilia (S 56). These were compared with a large 
population of other single-spore cultures, also collected in this country and 
now all assigned to S. americana, and with S. cinerea and S. fructigena 
cultures from England and Holland. Of the California and Oregon 
strains mentioned above, all except that on apricot were found to be the 


true S. cinerea. 


1 As Pollock (8), Roberts and Dunegan (12) and the writer (4, p. 89) have previ- 


ously pointed out, the name S. fructicola (Winter) Rehm was the first to be applied to 


What were probably apothecia of S. americana. If means of distinguishing S. amert- 


cana from 8. cinerea by the apothecial characteristics should be worked out, we might 


then be able to identify the dried specimens of Winter (15) more definitely with S. 
americana, which W vuld then properly he ealled S. fructicola. For the present, it seems 
preferable to use Wormald’s name americana, which was published with the first de- 


scription (16) that differentiated the American species from the earlier known European 
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CHARACTERIZATION OF 8. AMERICANA AND S. CINEREA? 

It would be needless to mention here all the experiments previously 
described (4) in which consistent differences have been demonstrated bs 
tween the range of varieties of S. americana, on the one hand, and SN. cinerea 
strains, from all the sources mentioned, on the other; but it may be of 
interest to outline the methods that have since been found most convenient 
for their differentiation. (The use of type cultures for comparison is an 
advantage in connection with the tests which follow but is not indispen- 
sable. ) 

Cultural Characteristics in Potato Dertrose Agar Slants at 15-25° €. 
Strains of S. cinerea grow slowly and the surtace of the colony is char. 
acteristically smooth and buffy brown to Saccardo’s umber (11) in color, 
though with some strains it may be partly or entirely white. Conidia are 
absent or produced only sparsely and never in definite pustules, visible 
macroscopically, in any of the strains vet studied by the writer. On the 
other hand, almost all strains of S. americana produce abundant conidia in 
definite (Tilleul buff) pustules. Absence of such pustules is not necessarily 
an indication that the culture is of S. cinerea, since the more uncommon 
varieties of S. americana, var. V and VI (4), produce few or no conidia 
under these conditions; however with the common varieties of S. americana 
abundant development of conidia affords ready recognition by this method. 

Petri Dish Cultures on Potato Dextrose Agar. S. americana grows rap- 
idly, filling the whole plate with a colony homogeneous except for numerous 
concentric circles of conidia, or in some varieties, of aerial hyphae. With 
N. cinerea growth extends much less rapidly, and is characterized by zona- 
tion and lobing as shown in fig. 1. Conidia if present are not borne in 
definite pustules as is invariably the ease with S. americana, but scattered 
around so that the surface of the colony may be smooth and of the char- 
acteristic dull-colored, somewhat velvety, appearance. 

Growth in Drop Cultures. Growth in standardized hanging drop cul- 
tures furnishes a number of criteria for identification. The results dis- 
cussed below have been obtained under these conditions: potato dextrose 
decoction (potatoes 200 em., dextrose 10 gm., per liter) was used as the 
nutrient; drops were made with a 5 mm. loop, seeded with 30-50 conidia, 
sealed on shallow depression slides and incubated at 25° C. 

In 15 to 18 (perhaps best in 16) hours after inoculation, observations 
of typical NS. americana sporelings show only the original germ tube, gener- 

21It will be noted that the differences mentioned between these fungi include sub- 
stantially all of those first observed by Wormald, except that of differential production 
of oxidising enzymes, as they proved of diagnostic value, with the modifications noted, 
throughout the large population studied by the writer. 


3In the present paper, discussion of S. cinerea applies primarily to the forma prum 
of Wormald. 
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ally with no side branches, or if branched the branches are small and dis- 
tinetly subordinate. Though there may be local irregularities in this germ 
tube it is straight in its general direction of growth. With S. cinerea on 
the contrary, total linear growth is less (100 to 300 4, while S. americana 








Fig. 1. Petri dish cultures on potato dextrose agar. Left, S. cinerea forma pruni 
(S 44) from England, upper colony and S. americana var. I (S 22) lower colony; 
inoculated at the same time at the same distance from the center. Grown 11 days, 
13.5° C. Right, S 47, from California, one month at room temperature of about 15° C. 
[Direct prints (negatives) of the same cultures shown in regular photographs in Md. 


Bul. 271 (4), figs. 8 and 9.] 


germ tubes are 500 to 1000 « long), there may be three or four branches 
and the branches are characteristically of equal dimensions so that it is 
difficult or impossible, even in so young a colony, to pick out the original 
germ tube (fig. 2). Branching is almost invariably dichotomous, neither 
branch following the former direction of growth of the branching hypha 
so that a network of twisted, contorted, mycelium results. 

Observations after three days yield equally definite differentiation. 
Fig. 3 shows the general appearance of the mycelium of S. cinerea and 
americana, which is itself distinctive. The S. americana hyphae are long 
and straight, and branching is simple—in glancing over the slide it is possi- 
ble to pick out at once the older hyphae from which the branches arise. With 
S. cinerea the mycelium is of a much denser and more homogeneous nature. 
Each hypha arises from dichotomous branching. All twist and bend so fre- 
quently that it is unusual for a hypha to be found that is straight for even 
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the distance of a few fields of the microscope. This is markedly different 
from the S. americana hyphae, which can be traced straight, all the way 


across the drop. 
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Fig. 2. Conidia of S. americana from Maryland (S 22) and cinerea from Oregon (S 56 
germinating in drop cultures of potato dextrose decoction at 25° C. Note the 


characteristic geniculate branching in S 56. Outlined with camera lucida. } 


An additional distinction is the average length of the cells of the older 
hyphae. Growing under the standardized conditions mentioned, 19. sets 
of measurements, each including 25 cells of the larger hyphae of various 
strains of S. americana gave a mean value of 66 4. A similar series of 10 
sets of measurements of S. cinerea strains averaged only 36 H. 

In some recent series of drop cultures, with strains of previously well- 
established identity, atypical growth has at times been secured. Though 
this is unusual the fact that it has occurred indicates that the conditions 
specified for observation are not, as at first believed, sufficiently definite 
to allow us to consider the growth in single series of drop eultures, alone, 
the basis for differentiation. Until the method ean be still more precisely 
worked out, perhaps with inorganic media, it would seem preferable to use 
it in connection with the cultural characteristics. In practice, microscopic 
identification in drop eultures has always agreed with the less laborious, 
macroscopic, cultural identification; and the former ean doubtless be 


omitted except in doubtful eases. 
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IDENTITY OF THE PACIFIC SLOPE BLOSSOM BLIGHT MONILIA 

The cultures from California and Oregon, mentioned before, fitted in 
with the NS. cinerea cultures from Europe exactly, by these tests as well as 
in various inoculation experiments, spore measurements, ete. In drop eul- 
tures the results were identical. Their cultural characteristics on solid and 
liquid media, in tubes, agreed throughout. While constant individual dif- 
ferences could be seen in Petri dish cultures, the series as a whole agreed 
exactly with the series of strains of S. cinerea from Europe. Individual 
variation noted was hardly of a greater degree than that previously de- 
scribed between cultural varieties of Sclerotinia americana. Accordingly, 


it seems proper to designate these Pacifie Coast cultures as Sclerotinia 
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Fic. 3. General mvecelial characteristics in two-day old drop cultures of S. ameri- 
cana (S 22) and S. cinerea (S 56). Growth is more extensive with S. americana but 


very loose, while with S. cinerea a great amount of branching occurs though the entire 


colony is small. Outlined with camera lucida. 


This conclusion is of especial interest in connection with the Oregon 
fungus. This culture was supplied by Prof. Barss, who has recently dis- 
cussed the life history of this organism and considered it distinet from all 
described species. Though as shown also by the studies above the organism 
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is quite different from S. americana, it resembles rather clearly the earlier. 
known SN. cinerea of Europe; and the life history which Barss cites to differ. 
entiate his M. oregonensis from the ordinary brown-rot fungus is a further 
resemblance to S. cinerea; 


(1) The apothecial stage of NS. cinerea has been authentieally found only 
by Wormald (17), unless the NS. lara of Aderhold and Ruhland (1) or the 
Sclerotinia on cherries of Westerdijk (14) can be assigned to that species, 
Similarly, Barss reports that the Oregon fungus failed to produce apothecia 
under experimental conditions resulting in abundant development of §. 
americana apothecia. 


2) While the Oregon Monilia produces conidia much like those of §8, 


americana, they develop much more sparingly in culture, and on twigs and 
flower parts are produced mainly, not during the summer following infee. 
tion, but late in winter or early the following spring. Here again, N. cinerea 
is described by Wormald (18) as producing pustules of conidia on the bark 
of shoots or eankers on plum trees only from about December to February, 

A similar relation was developed experimentally by the writer in inoeu- 
lations on fruits in the laboratory (4, p.119). Generally strains of S. cinerea 
produced no conidia while those of S. americana produced amounts varying 
with the different strains; but in an extensive series on Shockley apples no 
conidia developed away from the point of inoculation with any SN. americana 
strains, while pustules were produced on most of the S. cinerea inocula- 
tions, which included two of the California strains (S 47 and S 49). 

(3) The Oregon fungus is found more frequently on blossoms and twigs 
and causes ‘** a negligible amount of fruit rot.’’ This is not unlike 8. 
cinerea which has attracted much more attention in Europe as a_ parasite 
of the woody part of the tree than S. americana has in this country. It is 
perhaps hardly remarkable that little infection on fruit occurs when one 
considers that the organism generally produces conidia before blooming and 
not after fruit are developed. Moreover, the slow rate of growth of 
SN. cinerea in infected fruits, as compared with that of S. americana, 
coupled with the absence or seareity of conidia on them during the summer, 
might tend to lessen the chance of such specimens being collected and stud- 
ied. (This last point has come up in connection with our survey of the 
Maryland brown-rot diseases. ) 

(4) Barss considers artificial cultures of the Oregon fungus different 
from those of any deseribed species. This is of course true in the sense 
that each isolation of the brown-rot fungi results in a strain of unique cul- 
tural characteristics, and distinguishable by sufficient study from any other 
strain. However in the cultures studied by the writer, S 56 from Oregon 
resembled much more closely a culture received from Wormald, S 44, than 
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the latter did S 47 from California, a strain agreeing exactly with Wor- 
mald’s description of NS. cinerea eultures. 


PATHOLOGICAL SIGNIFICANCE OF THE PRESENCE OF 8. CINEREA IN AMERICA 

Diseases due to what is probably S. cinerea have been studied in Oregon 
2) and California (13) where the predominant S. americana is also pres- 
ent. Barss, who distinguishes between the two organisms, attributes greater 
injury in the form of blossom and twig blight to the S. cinerea, but finds 
it of less economic importance because it causes little injury in the form of 
fruit rot as compared to NS. americana. On the other hand, S. cinerea is 
found to attack not only stone fruits but also some varieties of pears. 


SUMMARY 


1. Isolations from fruits from California, and the spur blight Monilia 
from Oregon, were identified as the true European brown-rot fungus, Sclero- 
tinia cinerea (Bon.) Schroter. 

2. Methods are outlined by which S. cinerea can be distinguished, by 
cultural characteristics as well as microscopically by numerous mycelial 
characters in drop cultures, from S. americana, the species occurring pre- 
dominantly in this country. 

3. Monilia oregonensis Barss and Posey agrees morphologically, cultur- 
ally and in its life history with S. cinerea, and is doubtless to be considered 
synonymous. 

t+. S. cinerea causes blossom and twig blight injury, with little fruit rot, 
to a wide range of hosts. It has not been considered so destructive as S. 
americana in reports from regions where both oeeur. 

AGRICULTURAL EXPERIMENT STATION, 

UNIVERSITY OF MARYLAND. 
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STUDIES ON THE MOSAIC DISEASE OF NICOTIANA GLUTINOSA 


M. N. WALK! 
WITH PLATE XXIV 


INTRODUCTION 

A great amount of cross-inoculation work during the past few years has 
pointed to a common casual ageney for many of the mosaic diseases, and 
the apparent existence of two distinct mosaie diseases within the single 
genus Nicotiana led the writer to the further investigation which this paper 
reports. 

LITERATURE 

The literature of direct bearing on the question consists of two papers 
by Allard. The first paper appeared in 1916 (2), giving data which indi- 
cated that a mosaic disease on N. viscosum was distinet from that on tobacco, 
N. tabacum L. A later paper which appeared in 1917 (4) merely men- 
tioned the existence of a mosaic disease on N glutinosa L., which was dis- 
tinct from that on tobacco. The similarity in literal meanings of the specific 
names of these two species of Nicotiana, said to bear mosaic diseases distinct 
from tobacco mosaic, led the writer to inquire of Dr. Allard whether the 
species were identical. Dr. Allard explained that through error the term 
Nicotiana viscosum had been used in place of Nicotiana glutinosa, and that 
the correct name had been substituted in the second paper. Dr. Allard also 
stated that he had at no time worked on NV. viscosum, and kindly enclosed 
a description of the two distinet species which follows. In this deseription 


NV. viscosa is substituted for N. viscosum as a preferred spelling. 


‘*Nicotiana glutinosa L. Leaves long petioled, cordate, entire, villous-pubescent. 
Flowering racemes seeund or one-sided. Calyx more or less bilabiate. Lowermost usually 
bifid, the uppermost trifid. Corolla sub-ringent, twice as big as the calyx. Stamens un 
equal, tomentose at the base. 

‘* Nicotiana viscosa. Stems viscid-villous, ereet, angulate branched. Branches axil 
lary, short, with flowers at the apex. Leaves serrate, entire, repand; lowermost and mid 
dle cauline somewhat wedge-shaped, obtuse, narrowed toward the base then becoming 
dilated and half clasping. Racemes sub-corymbose terminating the stem and branched. 
Calyx lobes unequal, short, obtuse. Corolla funnel-form, tube cylindrical slightly en- 
; 


larged, about twice as long as the densely hairy calyx. Leaves average only two or three 


inches long by two-thirds inch in width.’’ 


1The writer is indebted to Dr. S. P. Doolittle, of the Office of Cotton, Truck, and 
Forage Crop Disease Investigations, for suggestions and advice during the progress of 
this work. 
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The plants used in the writer’s experiments agree perfectly with the 


deseription of N. glutinosa (Pl. XXIV, A). 


DESCRIPTION OF THE SYMPTOMS OF THE MOSAIC DISEASE OF 
NICOTIANA GLUTINOSA 

Possibly on account of the less succulent nature of N. glutinosa, the 
symptoms of the mosaie disease of this species are less striking than those 
appearing on the more succulent leaves of tobacco. In early stages of the 
disease, the tipmost leaves assume a faint!y mottled appearance, sometimes 
so faint as to be scarcely discernible. These early symptoms may gradu- 
ally become more intense until a decidedly mottled, dwarfed, and malformed 
plant (Pl. XXIV, Band C) may result, or they may gradually fade until 
the plant shows only the faintest possible traces of mottling. It has been 
found that when inoculations are made during favorable weather condi- 


tions, the average ineubation period is about ten days. 


RESULTS OF CROSS-INOCULATIONS FROM MOSAIC TOBACCO TO N. GLUTINOSA 

In these experiments, all inoculations were made by inserting crushed 
leaf tissue from mosaie tobacco plants into stems and leaves of healthy 
young plants of V. glutinosa, On account of the stickiness of the leaves of 
NV. glutinosa it was impossible to use aphids as a means of inoculation. 

The N. glutinosa seedlings used for inoculation were all healthy and 
showed no signs of mosaic infection up to the time of inoculation, when 
they were in the four or five-leaf stage. As there were no mosaic N. glu- 
finosa plants in the greenhouses during the original inoculations, the infee- 
tion of the young N. glutinosa plants undoubtedly resulted from the inocu- 
lations. This fact was made even more certain by the fact that during 
three years of observation in the greenhouses no insects have ever been 
known to attack plants of this species. 

The results of these inoculations are shown in table 1. 


RESULTS OF CROSS-INOCULATIONS FROM MOSAIC PLANTS OF N. GLUTINOSA 
TO TOBACCO 

The fact that tobacco plants are susceptible to the mosaic disease of 
NV. glutinosa, as shown in table 2, further indicates the probability that the 
mosaic diseases of these two hosts are identical. Time did not allow the 
carrying out of a very extensive series of inoculations from N. glutinosa 
to other plants, but a few small experiments furnished the following results. 
Two tomato plants out of eight beeame infected when inoculated with 
crushed leaf tissue from mosaie NV. glutinosa plants. Infection also was 
obtained in a small number of inoculations from mosaie plants of the culti- 
vated ground-cherry to healthy young NV. glutinosa plants. 
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DISCUSSION 

In the course of this work it was found that during midwinter NV, gly. 
linosa plants did not show the decided svmptoms which appeared during 
the spring months, and, in fact, several series of inoculations made during 
midwinter were discarded by the writer on account of the doubt ful nature 
of the symptoms. Some of these plants when set aside, however, developed 
definite mosaie¢ symptoms several weeks later. A thing of this sort has 
probably occurred in other plants, for some mosaic diseases have been 
reported to have a much longer incubation period than that later accepted, 
as workers by longer acquaintance with the disease were able to diagnose 
the fainter symptoms. This failure to produce symptoms during midwinter 
was probably due to a condition of the host which prevented the manifesta- 
tion of decided and reeognizable symptoms, as the short and often cloudy 
days of midwinter retard the growth of plants to a decided extent. These 
points have been suggested in connection with plants other than N. glu- 
finosa, as tor example, N. glauca (1, 3), Datura stramonium (2), tomato 
(4, 7), petunia (3), physalis (8), Phytolacea decandra (6), and various 
Nicotiana species (5 

Nicotiana glauca presents a case analogous to the one in hand. Owing 
to the very faint manifestation of symptoms, it was at first thought that 
this plant was immune to tobacco mosaic, but it was later shown that it is 
susceptible (3). The experiments with this species were identical with 
those first described in connection with V. glutinosa. 

In view of the observations on the failure of N. glutinosa to show symp- 
toms following inoculation with tobacco mosaie in midwinter, and the fact 
that Allard’s tabulated experiments were made between December 16, 
1915, and January 29, 1916, the writer is inclined to believe that the data 
advaneed by Allard does not necessarily contlict with the present work, and 
to believe that the mosaie diseases of tobacco and N. glutinosa are probably 
identical. 

SUMMARY 

1. The Nicotiana species ealled by Allard Nicotiana viscosum IS properly 
ealled Nicotiana glutinosa. 

2. The mosaie disease on tobacco is transmissible to N. glutinosa and 
the mosaie disease on N. glutinosa is also transmissible to tobaeco. 

3. Tomatoes are susceptible to the mosaic disease on NV. glutinosa. 

4. N. glutinosa may be infected with the mosaic disease on Physalis 
pubescens. 

OFFICE OF Corron, TRUCK, AND ForAGE Crop DiskASE INVESTIGATIONS, 

BUREAU OF PLANT INDUSTRY, 
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EXPLANATION OF PLATE XXIV 
Healthy plant of Nicotiana glutinosa. 
{ mosaic N. glutinosa plant showing dwarfing and mottling. This plant also shows 
the fading out of symptoms. It will be noticed that the tip leaves are less 


mottled than some of the older leaves, a reversal of usual conditions. 


A mosaic N. glutinosa plant showing dwarfing and malformation. 


























PuytopaTHoLocy XV Puate XXIV 





























AN EFFECT OF DROUGHT IN THE FORESTS OF THE 
SIERRA NEVADA 


E. P. MEINECK! 


With Two FIGURES IN THE TEXT 


In the month of September, 1924, an alarming loss in seed trees left on 
a large timber-sale area was reported from the Stanislaus National Forest, 
California. Trees standing in groups scattered over the area were first 
observed to turn color in the beginning of September and within a very 
short time were unmistakably dying. 

The area was visited and examined in the second half of September. 
The timber-sales area is located in the main on the north side of a sharp 
ridge sloping steeply into the Middle Fork. df the Stanislaus River, at 
elevations between 4,000 and 6,000 feet. The forest type on the dry slopes 
is the usual one characterizing the granite hogbacks branching off east-west 
from the main backbone of the Sierra Nevada. Western yellow pine (Pinus 
ponderosa), sugar pine (P. lambertiana), white fir (Abies concolor), incense 
cedar (Libocedrus decurrens) with some Douglas fir (Pseudotsuga tarifolia) 
are the chief components of the association in which seattered California 
black oak (Quercus californica) occupies a subordinate position. Climato- 
logically the region is characterized by cold winters with heavy rain and 
snow, and hot, dry summers during which all vegetation depends for its 
water requirements on the supply stored and moving in the soil, without 
replenishment by summer rains. 

It is apparent at first glance that the dying goes far beyond what could 
be classed as normal loss. All classes, from young trees of small pole-size up 
to larger individuals, are involved, including in one case a sugar pine of 45 
inches D. B. H. Typieally the trees die in groups of from 4 to 8 and 10 
trees. The direct loss in timber values is considerable and the silvicultural 
effect on the remaining stand is in many places decidedly detrimental. 
Bare places are enlarged and the objects of marking are frequently thwarted 
by the breaking up of the groups left. 

The dying is not confined to the cut-over land but also oeceurs in the 
virgin forest. Although it is decidedly commonest on the timber-sales 
area in question, groups of dying and dead trees were seen two miles from 
the nearest cutting and a few seattered groups were observed at greater 
distances. 

The most striking characteristics of the killing are that the trees die 
from the top down and from the outside in, and that they die in groups, 











550 PHYTOPATHOLOGY | Von. 15 
often composed of two or more of the following species: yellow pine, sugar 
pine, white fir, and even black oak. The trees take on a fading dirty-greep 
color which later tends to become reddish, and the needles look dry and 
wilted. The groups with their grey and discolored crowns stand out 
strongly against their vividly green surroundings. It is to be noted that 
none of the incense cedars associated with the dying trees of the other 
species showed any signs of distress. Several vellow pines, sugar pines, and 
white firs, but none of the oaks, were felled and partly peeled off for the 
purpose of examination. 

In all the trees, with exception of the oaks, insects were plentiful at the 
time of cutting. Insects taken from these trees and later examined by the 
Office of Forest Insect Investigations were found to be species that would 
not be expected to cause the simultaneous dying of trees of different species 
and sizes in well defined groups. 

The whole aspect of the trees pointed to the probability that the seat 
of the trouble hes in the lowest part of the bole or in the root system. 
Digging and exposure of the root system for examination was not feasible 
on account of the large size of the trees. No sign of any fungus which 
could have brought about the dying was found. The probabilities, however, 
speak rather against root fungi being at the bottom of the trouble. Both 
Fomes annosus and Armillaria mellea (or Pholiota aurivella) are known to 
spread from one tree to another, but it is not likely that all the trees of 
different species composing the group should die at the same time. It 
is also little probable that these fungi should cause the simultaneous death 
of trees differing so considerably in age and size. 

Lightning, as one of the known causes of group-dying, can well be ex- 
cluded from the-diseussion. The area affected has been remarkably free 
from lightning during the last two years, as far as can be ascertained, and 
any serious consequence of lightning shock in previous years must surely 
have become apparent within this period. Lightning frequently affects tree 
groups irrespective of species, and incense cedar would have suffered as 
much as the other species from a shock severe enough to cause death. 

All the trees examined show that the annual ring of 1924 had stopped 
its growth relatively early in the season, while their sound neighbors had 
completed their growth. Only part of the spring wood is formed and the 
summer wood, which at the time of the examination should have been com- 
pleted, is entirely lacking. Generally the ring has attained not more than 
one-fourth of the width of the 1923 ring, which latter is not below normal 
in spite of the drought prevailing in that year. As far as it is permissible 
to guess, the 1924 increment stopped some time in June or July. It is not 
probable that the insects now present were at work then and that the kill- 


ing showed up two months later. 
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All indications point to the influence of a primary agency of a physical 
nature affecting the whole forest but becoming injurious only in conjune- 
tion with unfavorable local conditions. Under this assumption, neither the 
primary agency nor the adverse local conditions alone are sufficiently harm- 
ful to bring the trees to the point of death. When they combine, their effect 
may prove fatal. 

The unprecedented drought prevailing in 1924 must have made itself 
felt in the life of the forest. The normal seasonal precipitation for Cali- 
fornia is 25.43 inches. The average for 1923-24 was only 12.18 inches or 
less than half the normal. The corresponding figures for the nearest 
Weather Bureau Station, Lake Eleanor, situated 30 miles south at a little 
lower elevation, are 39.2 inches, based on a 13-year record, and 20.83 inches, 
or a little more than half the average. As a consequence of this severe 
drought condition, the annual elimination of older foliage, which normally 
takes place in the fall, began this year in June and in some cases even 
earlier. The deficiency in soil water was undoubtedly least felt in bottom 
land and in close proximity to streams, and became more and more pro- 
nounced on steeper slopes and ridges. It must have been most marked 
where bed rock comes close to the surface and where trees live in pockets 
formed by the bed rock or by large boulders. As the trees grow their roots 
fill out the pockets as potted plants will fill out a flower pot. They finally 
become root-bound, and, while in normal years this condition may simply 
express itself in a toning-down of growth, it becomes fatal under excessively 
severe drought conditions. The trees had already gone through a drought 
in 1923, and the deficieney in precipitation during the winter of 1923-24 
accentuated whatever physiological harm had resulted from it. The ground 
water, instead of being brought back to normal, receded to still greater 
depths. An excavation on the area of the timber sale in September of 1924 
showed that the soil was dust dry to a depth of more than 13 feet, so that 
even in deep soils the majority of the trees must have suffered from a lack 
of water. In shallow soil pockets the supply is likely to be cut off entirely. 
When a number of trees stand together in the same pocket the effect must be 
cumulatively severe. None of the groups observed are located in bottom 
land or close to running water. In many cases they appear on slopes or 
benches where rock outcrops are common. In others no surface indication 
of rock is apparent, but the rights-of-way of the nearby logging railroad 
reveal that the distribution of soil and rock is often of the nature described. 

Figure 1 shows the root system of a yellow pine of about 36 inches 
D.B.H. The tree had stood on the right-of-way and the stump had been 
pulled and removed. Instead of spreading freely through the soil the roots 


are closely compacted into an irregular cube of the shape of the narrow 
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Photograph by L. Ss. Gill 


Rig. 1. Yellow pine stump with root system, root-bound by confined growth in 


granite pocket. 


pocket in which they grew. Figure 2 illustrates in detail the abnormal 
flattening of the roots against the granite walls of the pocket. 

It is impossible to ascertain whether the particular tree shown in the 
figures had been dead when cut or would have succumbed later in the 
year. On one side only, a few roots have been able to escape out of the 
pocket into better soil and to provide the tree with a modicum of water. 
At any rate, the peculiar conformation of its root system may with pro- 
priety be used in the interpretation of the facts reported. 

Rock poekets completely isolated from soil connected through eapillarity 
with the deeper moister strata must be relatively rare. The attempted ex- 
planation of the phenomenon would account for the fact that the trees are 
dying in widely seattered groups, that the groups are composed of different 
species, and that death occurred at about the same time. While trees with 
normal root systems survived the drought with little injury and adjusted 
their water budget by prematurely eliminating surplus foliage, the abnor- 
mal drop in the water table made it increasingly difficult, and finally im- 
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—Photograph by L. S. Gill 


Fic. 2. Same as Fig. 1. Detail of closely intertwining and rock-flattened roots. 


possible, for pot-bouna and isolated individuals or groups of trees to secure 
even the absolute minimum of moisture needed to maintain life. 

The survival of incense cedar under conditions apparently identical 
with those which proved fatal to the other species remains unexplained. 
It may be that incense cedar adapts itself to adverse conditions, in par- 
ticular to drought, even to a greater extent than has already been known. 

The explanation attempted rests frankly upon surmise, supported by 
observational evidence. The handling of the root systems of timber rang- 
ing up to 40 and 50 inches D. B. H. and the exeavation of huge granite 
pockets make detailed examinations prohibitive. Further observations 
along railroad rights-of-way and roads in the forest may furnish additional 
support for the view advanced. 

OFFICE OF INVESTIGATIONS IN Forest PATHOLOGY, 

BUREAU OF PLANT INDUSTRY, 
San FRANcIscO, CALIF. 











PHYSIOLOGICAL EVIDENCE ON THE GENETIC IDENTITY OF 
NATURAL AND SYNTHETIC STRAINS OF 
WILD EMMER' 


OLAF 8. AAMODT AND MOS! N. LEVINI 


Love and Craig (12), while engaged in the study of the geneties of F 
segregates of a cross between Triticum vulgare Vil. var. Early Red Chief. 
and 7’, durum Dest. var. Marouani in 1918, observed types which closely r 
sembled the wild emmer or so-ealled ‘* wild wheat?’ of Pale stine, TT. dicocewm 
dicoccoides Keke., whieh had been rediscovered by Aaronsohn (2) in 1906 
The appearance of the wild form in the progeny of a cross between common 
and durum varieties is of profound interest, because it suggests the possibl 
origin of the prototype of the common wheats 

Experiments were made by Love and Craig to determine how the char 
acters of the natural wild emmer were inherited when crossed with other 
vpes. They found that ‘‘ ... the characters of the wild wheat behave 
in hybridization much as do the characters of the other wheat types’ 12, ~ 
62). Further intensive inheritance studies by these authors (13) and eare 
ful eytological investigations? have confirmed the striking similarity be 
tween the natural wild emmer found by Aaronsohn and the synthetie wild 


type produced by Love and Craig 
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susceptible to the orange leaf rust of wheat, Puccinia triticina Erikss.. 
which seemed to indicate that this hybrid was more elosely related to the 
wheat than to the rve parent 

Klebahn (9, p. 140-141 mentions a ease in which he diseovered an 
error in the determination of a willow plant by inoeulating it with a nat 
row speciall ed rust fungus, VWelampsora ribesv purpurea Kleb. 

Vavilov (18, 19, 20) used highly specialized, obligate parasites, such as 
Erysiphe qraminis tritier Mareh., Puecinia triticina Erikss.. P. graminis 
avenge Erikss. and Henn., and P. corenifera Kleb., in an extensive genetic 
and svstematie study of many varieties of wheat and oats. By the use of 
this method he sueceeded in separating many varieties of these eereals into 
distinet races. The results were corroborated by the simultaneous use of 
other methods: hybridization, serum reactions, and eytologic examinations 

The effeetive appheation of parasitie organisms as physiologie reagents 
led Vavilov (20, p. 235) to the eonelusion that, ‘‘this method ean some 
times be very useful to genetists as well as to systematists, even for prae 
tical purposes of plant-breeding, especialy in giving useful suggestions, as 
to the possibility of crossing some species and varieties which morphologi 
ealls mav be quite distinet Kor phvlowe netieal purposes this method ean 
he used in the same way as hybridization, serum reactions, evtology, ete 

Stakman and Levine® were able to separate Festuca elatior Linn. from 
F prate NSIS Huds.. although the two orasses are considered as identieal by 
some authorities, by the differenee in their reactions to a strain of Puccinia 
qramimis phleipratensis (Erikss. and Henn.) Stak. and Piem. F. elatior 
was absolute ly immune trom this rust, whereas F prate nSis Was complete ly 
susceptible. Likewise they could distinguish Agropyron repens (L.) Beauy 
from A. fenerum Vasey by their reaction to P. graminis tritied Erikss. and 
Henn 

Dufrénoy "3 | essay, based on the researehes ot Stakman and his Co 
workers (15, 11, 16), Chapman (3), Legrand (10), and others, pomts out 
that living organisms are the most delicate reagents of whieh we now have 
any know edour or eontrol Dufrénoy, furthermore. brings out the faet 
that parasitie organisms ean render evident those biochemie and biologie 
characters which are peculiar to each group of individuals and which are 
otherwise indiscernible 

Johnston and Bower (8) found that certain physiologie forms of Puc 
cme graminis tritici furnished them by the Minnesota laboratars eould be 
used as an effective and rapid method in determining the purity of Kanred 
seed wheat. This method proved a valuable supplement to field inspection 

It has been demonstrated by Stakman and Levine (17) that several 


varieties of wheat show different degrees of resistance when inoculated with 


Unpublished results obtained bv E. C. Stakman and M. 3} Le nein 1915 
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certain physiologic forms of Puccinia graminis tritici. These differences 
are consistent and constant and have been shown by various investigators 
(14, 6, 1, 7) to be definitely inherited genetie characters. 


EXPERIMENTAL DATA 
It was thought that a comparative study of the reaction of the natural 
wild and synthetic wild emmers to several physiologie forms of Puecinia 
graminis tritict might vield valuable information regrading the physiologi- 
cal similarities of these strains of wheat. 

Five distinet physiologic forms were selected for the experiment: Pue- 
cinia graminis tritict forms 9, 19, 21, 27 and 34 Stak. and Lyne. Their 
action on differential varieties of Trificum spp. is given in a previous pub- 
lication (17). In the present study Marquis and Kanred, common wheats, 
Kinkorn, and Vernal were used as controls. 

The plants studied were inoculated in the usual manner and the rust 
notes were taken two weeks after inoculation. The results are recorded in 
table 1. The types of infection are given according to the seale used by 
Stakman and Levine (17). In this seale 0 designates immunity; 1 and 2, 
resistance; 3 and 4, susceptibility ; X indeterminate reaction. 


T ABLE ‘& Rea tion of synthetic wild and nat al wild emmers to five different physio 


f f , 
logu OTMS O Puccinia qaqranit LS tritici 


ie . Pane S 7 OWS 
Physiologie Reaction to rust fungu 


forms of Differential varieties Wild strains 

P. graminis triticé Wheat Se ee Emmer Synthetic Natural 
Marquis Kanred eer Vernal 

No. 9 | 0 > } ! t 
No. 19 . ( 3 0) | t 
No. 21 f 0 | 0) { f 
No. 27 yA ( l } | t 
No. 34 } | l 0 } t 


As will be seen from the results presented in table 1, the degrees of 
infection produced by the five physiological forms are quite different 
on Marquis and Kanred wheats, Vernal emmer, and Einkorn, and vet they 
all produced a type 4 infection on the two wild emmers. Marquis differen- 
tiated forms 9, 21, and 34 from forms 19 and 27. Kanred, being com- 
pletely susceptible to form 34 and absolutely immune from the other four 
forms, served as the differentiating host for form 34. Forms 9 and 19 
could easily be distinguished from forms 21 and 27 by the difference in the 
reaction of Einkorn. Vernal served as the differential variety between 
forms 9 and 27 on one hand, and forms 19, 21, and 34 on the other. 
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CONCLUSION 


The fact that the synthetic wild emmer and the natural wild emmer 


react alike to different physiologic forms of P. graminis tritici furnishes 


additional proot oft their similarity, and supports the view of Love and 


Craig (12, 13) regarding the probable origin of the natural wild emmer. 


This experiment also demonstrates again the value of parasitic organisms 


as physiological reagents in phylogenetic and taxonomie studies. 


OFFICE OF CEREAL INVESTIGATIONS, 
BuREAU OF PLANT INDUSTRY, 
U. S. DEPARTMENT OF AGRICULTURE, 
IN COOPERATION WItH AGRICULTURAL EXPERIMENT STATION, 


UNIVERSITY OF MINNESOTA. 
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ROOT KNOT ON SUGAR CANE IN PORTO RICO 


JULIUS MATZ 


Witt Two FIGURES IN THE TEX1 


Since the middle of the summer of 1924 the writer has been finding 
nematode-infected root swellings or ‘‘root knot’’ of sugar cane in widely 
separated areas in southern Porto Rico. The exact extent and severity 
of this infestation is not yet determined, but it has undoubtedly caused 
the lack of growth in older cane as well as the death of young eane in a 
number of fields in several concentrated areas. 

This nematode infection of eane can be detected by two distinet symp- 
toms: first, by a deep, waxy, or golden yellow instead of the normal green 
eoloration in the leaves of the older plants. This vellowing, which often 
oecurs in rather indefinite wide bands, usually starts from the tips of the 
leaves and spreads downward to their sheaths. This color is distinet from 
the pale or white-yellow rather narrow bands in chlorotic leaves. Second, 
in young cane three or four months old the outermost leaves become shriv- 
eled and streaked longitudinally with red or copper colored areas divided 
by long, dry strips, and the whole plant becomes stunted and takes on a 
bunched or small-broom like appearance. Cane plants showing these symp- 
toms when pulled up were found to have in the newer portions of their 
roots, mostly at the root tips, visible swellings or galls of about twice the 
original diameter of the root (Fig. 1). These swellings were enlargements 
of the outer fleshy layers only, while the central woody parts were not 
deformed. Nematodes are embedded in these swellings. In the older, 
less conspicuous galls which occur throughout the length of the roots are 
found the impregnated female nematodes. These females are about 1 
mm. in length, milky white, glistening, usually in the form of a diminutive 
bulb with the extended thin neck and head distinguishable from the rest 
of the egg-full body (Fig. 2, a). As the outer fleshy laver of the cane 
roots ultimately shrinks and becomes spongy and brown, the galls become 
greatly reduced. In this condition by bending the root and thus breaking 
the epidermis, the larger females are exposed and found situated in rounded 
eavities. These cavities become larger after the disappearance of the 
inhabiting nematodes, owing to the shrinking of the surrounding spongy 
tissues (Fig. 2, b). 

The main apparent physical injury which this nematode causes is the 
small cavities in root tips which are finally destroyed. A general decay 


of the roots does not usually occur, although they may become riddled with 
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holes, but root-tip decay was quite commonly seen in association with 
nematode infestation. Sometimes, however, many new rootlets grow ont 
from near a gall, but the newer roots in turn may also become infested, 
The effect on the growth of the cane is very marked when nematodes are 
abundant. The cane leaves become vellow, and there is a very evident 
retardation of growth of the whole plant. The death of young cane due to 
severe nematode injury has been seen in three fields. 

Nematode infestations of sugar cane have been found only in loose or 
sandy soil, or in land with a loose or sandy subsoil. 

Kriiger (2) says that Prins, Treub, Saltwedel, and he have observed 
two types of nematodes, Tylenchus sacchari Saltwedel, and Heteroderg 
radicicola Miiller, on sugar-eane roots in Java, between the vears 1885- 
1887. Tvlenchus apparently did not produce swellings in the roots, while 
Heterodera, quoting Dr. Kriiger, ‘‘builds on the roots of sugar cane up to 
hazel-nut size valls’’ (Translation ). Neither of these two species would 
coincide with the rather small gall-producing nematode in Porto Rieo, 
Because of the gall-forming habit of this nematode, it is also placed in 
the genus Heterodera. 

Cobb (1) relates how he found a Tylenchus on the roots of sugar cane 
in Hawaii in 1907. He does not mention the appearance of galls or swell- 
ings in the attacked roots. 

Rands (3) deseribed the damage caused by pitting of the terminal 
portion of sugar-cane roots in Louisiana by a small snail (Zonitoides 
arboreus Say). These cavities or pits were 0.3-2.0 mm. in depth and 
diameter. They were similar to the cavities made by nematodes in the 
roots of sugar cane in Porto Rico, where no snails were associated with the 
pitted roots, but where nematodes were found in the unexposed cavities. 
Rands does not mention the occurrence of swellings or galls associated with 
snail injury. 

The symptoms of nematode injury are distinet and peculiar to this 
affection of cane roots. While a partial decay of the roots is caused 
directly by these nematodes, root knot becomes only an added phenomenon 
to, rather than an explanation of, root diseases of sugar cane in Porto Rico. 
Other root diseases have their own distinctive symptoms and causes, as has 
been shown in previous publications. Apart from nematode injury and 
root infection by Plasmodiophora vascularum Matz there is no clearly de 
fined cane-root disease on the irrigated south coast lands of Porto Rico. 

This root knot on sugar cane occurs on loose, though sometimes wet, 
more or less sandy soils on varieties, Cristalina, BH 10 (12), and SC 12/4. 
It has not been seen on the heavier, moisture-retaining silt or clay soils. 


According to the observation of the Javanese investigators, however, mois 
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ture seems to favor nematode occurrence on sugar cane in Java. While 
on high land, after a prolonged dry period, living nematodes were rather 
rare there. 

The bad effects of the nematodes were overcome in one field of young 
eane growing on a porous soil consisting of about an 8-inch top black layer 
underlaid with several feet of brown sand and coarse gravel by applying 
a layer of barnyard manure to the roots of the cane and then covering this 
with soil, after which the field was kept moist by frequent irrigation. This 
wave the cane plants an opportunity to develop a new root system in a 
new and fertile layer of soil. This seems to be a plausible means of con- 
trol as the nematodes seem to be most abundant and are at least more in- 
jurious in soils where there is less stimulus to root growth. 

ForRTUNA, 


Porto Rico. 
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OAT BLAST 
CHARLOTTE ELLIOT! 


In oats throughout the United States there is present each vear a cop. 
dition of some of the spikelets which in this country has been designated 
as ‘‘blast’’ or ‘‘sterility’’ and in England as ‘‘blindness,’’ ‘* deafness,” 
or ‘‘white ear.’’ These blasted or undeveloped spikelets usually are white 
and range from minute rudiments to fairly well developed empty glumes 
Oceasionally the larger empty glumes contain ehlorophyll. The numbers of 
blasted spikelets in different fields, and under different environmental con- 
ditions, vary considerably. At a conservative estimate they may in some 
cases amount to 40 per cent of the total number. In North Ameriea this 
condition of the spikelets has been attributed to thrips (2) and to the 
bacterial disease known as ‘‘halo blight’’ (8). In England frit flies were 
found associated with the blasted spikelets and considered as the cause (4), 

The results of observations and experiments in Wisconsin during 1918 
and 1920 (1) showed conclusively that, while the bacterial disease known 
as halo blight is in some eases associated with blast, on the whole there 
is no connection between the two; blasted spikelets appearing quite in- 
dependently and in fields where the bacterial disease does not oceur, 
The results of this work also indicate that environmental conditions may 
be important factors in the production of blast. To determine the pos- 
sibility of a correlation between temperature and rainfall at heading time 
on the one hand and blast on the other and to learn whether or not there 
are rather constant varietal differences in blast from vear to vear, counts 
have been made for the past three years on a number of varieties of winter 
oats grown in the varietal experiments conducted by the Office of Cereal 
Investigations at Arlington Farm, near Rosslyn, Va., under the direction 
of T. R. Stanton and J. W. Taylor. All spikelets were counted as blasted 
in which no kernel developed. The results of this preliminary work are 
summarized in table 1. 

The varieties listed in the tables were grown in fortieth-acre plats. On 
24 panicles selected at random in each plat counts were made of the num- 
ber of normal and blasted spikelets. For most of the varieties the plats 
were replicated several times, hence the counts were correspondingly re: 
peated. Thus the number of panicles counted amounted to from 2 to 4 
times the twenty-four for each plat. Averages of the entire number in 


each variety were taken and percentages of blast determined. 
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The varieties are arranged in the order of increasing percentages of 
blasted spikelets. A. comparison of the data available for the three years 
brings out three facts which throw some light on the problem of. blast 
in oats. 

First. Varietal differences in the amount of blast appear to be fairly 
constant from season to season. The five varieties, Hatchett, Kanota, Fy). 
ghum, Hutcheson Sel., and (Blaek) C. I. No. 691, show the lowest per. 
centages throughout the three vears. Culberson and Dwarf Culberson 
are intermediate, and Ferguson Navarro, Lee, and Custis consistently show 
high percentages of blast. The greater variability of some of the varieties 
may or may not be due to the limited data. 

Second. Percentages of blast in all varieties vary from year to year, 
all percentages being higher in some seasons and consistently lower in 
others. In 1922, all of the varieties listed showed comparatively low per- 
centages of blast. In 1925 the percentages throughout the list are much 
higher—in some varieties more than double those of the previous Vear. 
In 1924 the percentages are intermediate with the exception of 4 varieties, 
ILuteheson, Red Rustproof, Winter Turf 54] t, and Lee. The decided 
contrast in percentages of blast in 1922 and 1923 seem to indicate that 
certain seasons are much more favorable for the development of blast than 
other seasons, and that environmental conditions are possible factors in 
bringing about these differences. As the oats were grown on the same 
farm and on practically the same type of soil throughout, this faetor may 
for the present be eliminated. In attempting to correlate the high per- 
eentages of blast with rainfall and temperature at the time of heading, 
the following figures are of interest. The ranges in the pereentages of 
blast for the three vears are respectively : 6-28%, 17-469, 11-45%. The 
total precipitation for May of each vear, the month when the plants head 
out, was 4.53 inehes, 1.49 inches, and 6.59 inches respectively. It is at 
once evident that in 1923, when percentages of blast were highest, the 
rainfall at heading time, instead of being above normal was much lower 
than in either 1922 or 1924 and considerably below the normal of 3.83 
inches. Furthermore the exact precipitation dates in 1923 do not coin- 
cide with dates of heading of the different varieties. In 1923 all varieties, 
with the exception of Winter Turf, headed during a period of no rain- 
fall. Im 1924 most of the varieties headed at a time when there was some 
rainfall nearly every day. Weather reports for 1922 and 1923 show that 
the blast of 1923 is not connected with drought conditions during earlier 
months, for precipitation was near or above normal in the preceding 
months. Variations in temperature were greater in May, 1923 and 1924. 
than in 1922; but for the present no attempt is made to connect these 
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wider ranges in temperature with the greater number of blasted spikelets. 

Third. The varieties which show the highest pereentages of blast, i.e., 
Ferguson Navarro, Custis, and Lee, are either of known or suspected hybrid 
origin. Lee and Custis are new varieties developed from a hybrid of 
Aurora < Winter Turf by T. R. Stanton. According to Mr. Stanton there 
is some reason for thinking that Ferguson Navarro also is of hybrid origin 
as it shows some characteristics of both red and common oat varieties. It 
originated as a stray plant in a field of Red Rustproof oats in Navarro 
County, Texas. 

What is known regarding the sterility which follows certain crosses 
both in plants and animals may have some bearing on the high percentages 
of undeveloped spikelets in the hybrid varieties Lee and Custis and also 
in Ferguson Navarro. 

Work along similar lines is in progress. 

LABORATORY OF PLANT PATHOLOGY AND OFFICE OF CEREAL 

INVESTIGATIONS, 
BUREAU OF PLANT [NpDustTRY, U. S. DEPARTMENT OF AGRICULTURE, 


‘ 


WASHINGTON, D. C. 
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PHYTOPATHOLOGICAL NOTES 


Polyporus schweinitzii Fr. on Douglas Firan the Eastern United States, 
Very severe losses from cankers attributed to Phomopsis pseudotsugae 

Wilson have been reported in Scotland in plantations of Douglas fir, Pseu- 
dotsuga tarifolia (Lam.) Britt. Since trees of this species had been shipped 
to the United States among the many importations of conifers from Great 
Britain before the present quarantine laws went into effect, it is feared that 
this disease may have been introduced in this manner. The Office of Investi- 
gations in Forest Pathology, as opportunity offers, is examining all planta- 
tions of Douglas fir for this disease. 

One of the small plantations of this species inspected August 19, 1924, 
is located on the Vanderbilt estate near Biltmore, North Carolina. The 
trees of Douglas fir in this particular area were four-year-old transplants 
when set out in 1896 by Dr. C. A. Schenck. The Phomopsis canker was not 
found at the time of inspection but it was noted that the red-brown butt and 
root-rot due to Polyporus schweimitzi Fr. was present and causing consid- 
erable damage. Six trees were found wind-thrown in a slight depression on 
a northwestern slope, despite a cover of planted white pine surrounding the 
plantation. The fallen trees ranged from 18 to 24 feet in height and from 
314 to 5 inches D. B. H. The butts and roots, especially the main tap roots, 
were badly rotted and greatly weakened by Polyporus schweinitzii. At the 
base of each of two of the wind-thrown trees which were still alive, typical 
sporophores of this fungus were found in direct association with the red- 
brown rot, indicating that it was the cause of the decay. 

This plantation of Douglas fir has not thrived. Although it has not been 
thinned or given much care, and some of the trees have apparently been 
eut for Christmas greens, the primary cause of failure is very probably the 
attack of Polyporus schweinitzii. This fungus has never been reported seri- 
ously injuring voung Douglas fir trees in the northwestern United States, 
although it is very destructive to older ones there. This indicates either a 
greater virulence in the strain of the fungus present or a greater suscep- 
tibility of the host tree in the locality near Biltmore. 

Polyporus schweinitzv is known to attack various species of pine, spruce, 
fir, and hemlock in the eastern United States, and in this instanee the 
fungus probably spread from trees of some of these species to those of the 
Douglas fir. This fungus has been reported as attacking young Douglas fir 
in Great Britain, and is frequently found in other conifers in Europe. It 
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is possible that introduced species by a change of habitat may be rendered 
more susceptible to root rots than trees in the native stands.—G. G. Hepe- 
cock. G. F. Gravatt, AND R. P. MarsHa.y., Orrice or INVESTIGATIONS IN 
Forest PATHOLOGY, BUREAU OF PLANT INDUSTRY, WasHtneTon, D. C. 


Fire at Clemson College. The Agricultural Hall at Clemson College 
burned early in April. The Division of Botany and Bacteriology was on 
the first floor and suffered heavy losses. The following members of the 
personnel of the Division lost their files of reprints and would appreciate 
receiving complete sets of separates: D. B. Rosenkrans, pathology, physiol- 
ogy, and forestry; Mr. and Mrs. W. B. Aull, bacteriology and genera! 
botany; W. D. Moore, pathology (reprints received more than a year ago 
were saved) ; L. M. Fenner, pathology; and C. A. Ludwig, pathology and 
physiology. The Experiment Station library also was destroyed, and the 
librarian, Mrs. Crown Torrence, would be pleased to receive separates and 
bulletins.—C. A. Lupwic, CLEMson CoLLEeGE, SourTH CAROLINA. 











BOOK REVIEWS 


MANUAL OF VEGETABLE-GARDEN Diseases. By C. C. Chupp, Ph.D. New 
York. The Maemillan Co., 1925, pp. 647, figs. 155. Price, $4.00. 

In 1874 Sorauer’s classic work entitled, *‘ Handbuch der Pflanzenkrank- 
heiten,’’ was published. Twenty-two and twenty-three years later, ‘‘ Pilz- 
pirasitaren Krankheiten der Pflanzen,’’ and ‘* Diseases of Plants Induced 
by Cryptogamie Parasites,’’ by Frank and by von Tubeuf and Smith, re- 
spectively, made their appearance. These efforts, while good in the light of 
the knowledge of plant diseases at that time, were soon out-of-date. Some 
years after the appearance of the works by Sorauer, Frank, and von Tubeuf, 
Americans entered the field. As an outgrowth of the development of the 
science in the United States, a number of books, texts as well as handbooks 
of reference, attempting to cover the diseases of crops as a whole or in part, 
have appeared. Most of these books have not quite come up to anticipation 
either from the standpoint of a reference for research workers or from the 
standpoint of those uninitiated into the realm of phytopathology. Chupp, 
with a book of 647 pages, entitled ‘‘ Manual of Vegetable-Garden Diseases,”’ 
is the last to enter the field. The purpose of the book as implied in the lan- 
vuage of the author is to bring ‘‘together all the material in such a form 
that it is available to the plant pathologists generally and to the growers 
and extension specialists in particular.’” To bring together all the material 
in an available form is no small undertaking. No regional territorial limi- 
tations are claimed for the book, from which it will be inferred to be of 
world-wide application. 

The book is attractively bound, printed with a clear type on good paper, 
and presents an attractive appearance. The entire subject-matter is divided 
into twenty chapters. Each of the first eighteen chapters treats of the spe- 
cifie diseases of a crop or group of crops generally related. The nineteenth 
chapter discusses the various phases of soil sterilization, and the twentieth 
treats of the use and applieation of fungicides. An entire chapter is given 
to the diseases of the more important crops or to the crops whose diseases 
are best known. This mode of procedure, however, is not always followed, 
since chapter three is given to the diseases of beets, carrots, and chicory; 
chapter eleven to okra, parsley, and parsnip; and chapter fifteen to rhubarb 
and salsify. These combinations are apparently made wholly on the grounds 
of their alphabetical order, notwithstanding the fact that a better combina- 
tion could have been made on the basis of common diseases, as, for example, 
chicory and lettuee. Asa matter of fact, it would probably have been better, 
both from the standpoint of consistency and clearness, to have given an 
entire chapter to each crop, even though it is a relatively unimportant one 


and the diseases few. 
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Each disease, if an important one, is discussed under symptoms, cause, 
and control. This arrangement of subject-matter is good and is helpful to 
the reader in finding the particular features of the disease in which he is 
interested. 

There are 155 illustrations reproduced as text figures. Many of these 
illustrations are typical of the disease as a whole and are well reproduced. 
Others, on the other hand, are not typical or are poorly reproduced. It 
is to be regretted that the author copied so many of the illustrations from 
bulletins and journal articles. Im many cases copies were made when high- 
grade prints or even negatives could have been secured or borrowed. 

The author shows a lack of familiarity with the diseases of southern 
erops. One looks in vain for any mention of cassava, chayote, yam, udo, 
and dasheen, all of which are grown in the United States and some of which 
are becoming important food erops. If, as claimed by the author, the book 
is to be of particular use to the extension specialist, it would be highly de- 
sirable to have information on the diseases of these crops, if any such 
occur, made available for him in a manual of this sort. Furthermore, if 
diseases of certain vegetable crops are unknown or have not been studied, 
the extension specialist would weleome such information. 

The author has discussed in more detail than would appear necessary 
the well-known diseases of the major crops. One hundred and fifteen pages 
are devoted to the potato alone, thirteen pages to a discussion of Rhizoctonia, 
and eight to late blight. These diseases, as well as potato scab, are well 
known, even to the majority of farmers where they occur. It would seem 
that a briefer discussion of such dseases would have sufficed, thus giving 
space for the inclusion of crops that have been omitted. 

As a substitution for the omissions mentioned above, one finds included 
a discussion of some, but not all diseases, which have been reported only in 
foreign countries, as, for example, Zopfia root-canker of asparagus, caused 
by Zopfia rhizophila. Leptothyvrium canker of asparagus caused by Lepto- 
thyrium asparagi, Phoma root-rot of carrot caused by Phoma sanguino- 
lenta, Corynespora leafspot of cucurbits caused by Corynespora melonis, 
Phytophthora fruit-spot of eggplant caused by Phytophthora melongenae, 
and black dot-rot of eggplant caused by Rhabdospora melongenae. 

Some diseases of important crops in the United States have not been 
mentioned, as, for example, Rhizoctonia and root-knot of sweet potatoes, 
damping-off of eggplant caused by Pythium, and hollow stem of tomatoes. 
Some of these diseases are of more economic importance and more destrue- 
tive than some of those mentioned. 

The book for a first edition is relatively free from typographical errors 
and misstatements. A few have been noted. On page 38, line 8, we find 
‘““ascerigerous’’; on p. 38, line 11, ‘‘chalamydospores’’; on p. 43, line 13, 
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‘‘open sori or short stalks’’; on p. 630, line 1, ‘‘pertheeium’’; on p. 58, line 
34, ‘‘vars’’ for ‘‘years,’’ and on p. 379, line 36, ‘*‘ Weimar’”’ for ‘* Weimer.”’ 

Each chapter is closed by the citations of literature. This is a com- 
mendable feature of the book. The literature cited has for the most part 
been carefully selected from the more reliable sourees and from the more 
recent publications. This is particularly noteworthy, since the method of 
handling citations will facilitate acquaintance with original or more de- 
tailed treatment of subjects involved. 

Some unfortunate mistakes have been made in the citing of references, 
For example, on p. 524, line 2, we find ‘‘Phytopath.’’ which should read, 
‘Jour. Agr. Research.’’ On p. 398, line 36, ‘‘The regeneration of first 
generation hybrid potatoes to the wart disease’’ should read ‘* The reaction 
of first generation hybrid potatoes to the wart disease’’; and on p. 536, 
line 3, ‘‘ Effect of copper soap spray mixtures on control of tomato leaf- 
spot’’ should read ‘‘ Effect of copper soap and of bordeaux soap spray mix- 
tures on control of tomato leaf spot.’’ 

The book is undoubtedly the best that has yet been produced in this 
particular field. In that there is brought together for ready reference in- 
formation relative to the identification and control of the more common 
vegetable diseases, the book is one which will be useful to extension workers 
as well as to the investigator. From the standpoint of the research worker 
at least, the author often speaks with more positiveness and finality than 
the facts in the case will warrant; likewise, deductions are sometimes made 
which from the information contained in the literature hardly seem justified. 

All in all, Dr. Chupp is to be commended for having acquitted himself 
so well at such a difficult task. He has not only demonstrated a first-hand 
knowledge and familiarity with many of the garden crop diseases, but he 
has combined this information with that contained in a mass of literature 
to produce a book which is not only better than any book of its kind yet 
published but which is really good. It is to be hoped that the book will 
receive a careful re-editing before another edition is printed. 

L. L. Harter 
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